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Soybean gall midge, Resseliella maxima Gagné was recently identified as a new
species injuring soybean in Nebraska, Iowa, South Dakota, Minnesota, and Missouri.
Resseliella maxima injury is caused by its three instars that feed on tissues within the
soybean stem. Infested plants exhibit a darkening of the stem, disrupting nutrient flow
within the plant and can lead to wilting or death of plants. Total yield losses can occur in
the first 30 m of the field in heavily infested sites. The biology and behavior of this newly
described insects is not well understood and management strategies for the management
of this pest are needed.
A field study was conducted to evaluate the efficacy of different insecticide
classes to control R. maxima. This study was conducted in one location in Nebraska in
2020 and 2021. Treatments were arranged as a randomized complete block design with
four replications. Single applications were evaluated at different timings based on
overwintering emergence, at 0, 5 and 10 days after the first adult detection occurred. The
efficacy of insecticides was evaluated by the proportion of infested plants, number of
larvae, plant injury, and final yield. Overall, no treatment showed consistent control of R.
maxima in the field.
The second study focused on the seasonal larval abundance of R. maxima in the
field. The objective of this study was to determine the abundance of R. maxima larvae on

soybean plants from overwintering adult emergence until harvest. Plants were collected
from two field locations each year in eastern Nebraska in 2020 and 2021. Stems were
dissected, and the number of larvae were separated into two categories (white and
pigmented) and counted. Larvae were present in the field from mid-June until late August
or September, with the greatest number of larvae being observed from late July to early
August.
Both studies are the first to explore a) insecticides applied at different timings to
control R. maxima in the field, and b) the seasonal larval abundance of R. maxima in the
field. The results of these studies provide information that can be used to identify
possible strategies for the management of R. maxima. In addition, the studies provide
insights into the biology and ecology of this recently described pest.
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CHAPTER 1
LITERATURE REVIEW
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Introduction
Soybean gall midge (Resseliella maxima Gagné) is a dipteran belonging to the
Cecidomyiidae family. In 2019, R. maxima was described as a new species of the
Resseliella genus (Gagné et al. 2019) as a result of adult collections from emergence cages
in August of 2018. Since its discovery, R. maxima has been reported in 140 counties across
five midwestern states: Nebraska, Iowa, Missouri, South Dakota, and Minnesota
(McMechan et al. 2021). Prior to its taxonomic description, observations of orange larvae
were made in northeast Nebraska (Hunt et al. 2011), however, no specimens were collected
to compare with R. maxima. Although orange larvae have been sporadically detected in
soybean fields over the past decade, larvae were not confirmed to be R. maxima.
Soybean plants infested with R. maxima larvae exhibit a range of symptoms that
depend on how long the plant has been infested. Typically, plants exhibit a darkening of
the stem near the soil line within the first 10 days after adult activity occurs. As feeding
continues, injury can lead to wilting and plant death within 20 days of adult activity
(McMechan 2021). Larvae begin feeding on the phloem and move towards the xylem and
pith over time (Gagné et al. 2019). Infested stems show dark lesions, and they tend to easily
break where the midge larvae have been feeding. The injury potential of soybean gall
midge was reflected in the scientific name maxima, meaning greatest, a reflection of the
potential importance of this new pest and its host, G. max (Gagné et al. 2019).
The rapid emergence of R. maxima as a new pest of soybean has left researchers
with little to no information on management strategies. Therefore, related gall midge
species that are considered important pests, such as R. theobaldi, are being used to obtain
generalized information about the biology and behavior of R. maxima, while research is
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being conducted on soybean gall midge. Related species, their biology, and their
importance will be discussed in the sections below.
The development of management practices for R. maxima has been a priority to
growers and researchers since R. maxima became an important pest. In 2019, management
tactics such as planting date, tillage use, mowing, insecticide seed treatments, and foliar
insecticide application were evaluated to identify potential control methods.
General observations in soybean field in 2018 suggested that late planting dates had
lower infestation with R. maxima (McMechan et al. 2018a). Therefore, planting date
studies were conducted in 2019 and it was found that delayed planting may limit the
potential for overwintering infestation. However, continued research is needed to verify
these results. Such practices are difficult as significant yield penalties occur with delayed
planting.
It has also been observed that R. maxima injury is more severe in soybean fields
next to dense vegetation and close to waterways. On-farm studies with grass waterways
mowed just before adult emergence found that unmowed areas showed a higher R. maxima
infestation than mowed borders. Such observations are only based on one year of data, and
further research is needed to draw conclusions about the efficacy of this management tactic.
An extensive trapping system has been developed across Nebraska, Iowa, South
Dakota, and Minnesota to collect R. maxima adults and monitor flight activity in infested
fields. Cages have been placed in the field and frequently checked to monitor the
emergence of R. maxima and understand their periods of adult activity. In addition, an alert
system has been created in order to connect with growers and notify them when and where
R. maxima emergence is taking place.
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Extensive research on the efficacy of insecticides has not been fully done.
Currently, growers that are interested in applying insecticides have been advised to make
applications as soon as emergence is reported in their area (McMechan et al. 2019b).
Resseliella maxima is a recently identified pest, and studies are being conducted to generate
recommendations about insecticide applications in the future.
Management of R. maxima with insecticides is very challenging due the fact that
larvae are protected inside the soybean stem, making it difficult for insecticides to reach
the target. Also, the long period of adult emergence demands the implementation of
multiple control tactics to satisfactorily control this pest.
Potter and Koch (2019) stated that foliar insecticides are a potential option to
control R. maxima, but it is necessary to study insecticide efficacy and application timing.
In Iowa, five insecticidal seed treatments to suppress R. maxima were evaluated in 2019,
and some of the treatments showed partial yield differences(Hodgson 2019); although,
further evaluations are necessary to deliver conclusions about the effectiveness of these
products.
Timing of insecticide applications has been considered critical to control other
species in the genus Resseliella. Applications targeting the first-generation larvae of R.
theobaldi have been shown to prevent damage by subsequent generations of the midge
(Hall et al. 2009). Vétek et al. (2008) mention that one of the reasons why integrated pest
management (IPM) is seldomly used in raspberry is due to the fact that broad-spectrum
insecticides are usually applied without studying the timing. In order to promote the use of
IPM, techniques such as the use of pheromone traps have been used to determine the most
appropriate timing of insecticide applications (Nilsson and Tornéus 2008).
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Origins and distribution of Resseliella spp.
Resseliella is a genus with a cosmopolitan distribution, which contains 56 known
species (Gagné et al. 2019). Gall midges can be found in a wide range of host plants and
habitats, including under bark, and flowers. Midges such as Trotteria veronicastricola
Fedotova and Ametrodiplosis veronicastrum Fedotova have been found as inquilines in
galls induced by other midges (Fedotova 2003), and R. kadsura Yukawa, Sato & Xu is a
flower pollinator (Yukawa et al. 2011).
Until 2017, fifty-five species of Resseliella were reported worldwide by Gagné and
Jaschhof in the Catalogue of Cecidomyiidae of the World. Twenty-six of those species
have been found in Europe, ten species have been found in Asia, two species in Africa, as
well as in Oceania, where both were found in Australia. Twenty species have been reported
for North America (15 in the USA and five species in Canada).
Based on the Catalogue of Cecidomyiidae of the World (Gagné and Jaschhof 2017),
the species of Resseliella which have been found in the USA are: R. aurata (Mycodiplosis
aurata Felt), R. californica (Thomasia californica Felt), R. cincta (Felt), R. cinctella
(Kieffer), R. clavula (Beutenmuller), R. conicola Foote, R. coryli (Mycodiplosis coryli
Felt), R. coryloides (Foote), R. hudsoni (Felt), R. maccus (Loew), R. perplexa (Felt), R.
pinifoliae (Felt), R. radicis (Felt), R. Silvana (Felt), and R. tulipiferae (Osten Sacken).

Host range
Gall midges have colonized a wide diversity of plants (eighty-nine plant families
in North America), compared with other insects that produce galls (Stuart et al. 2012). The
information listed in the table below (Table 1) has been extracted from the most recent
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published Catalogue of Cecidomyiidae of the World in order to show the diversity of hosts
for the genus Resseliella. Hosts of the species: R. aurata, R. carnear, R. cincta, R. coryli,
R. hudsoni, R. maccus, R. poecilantha, R. quercivora, R. silvana, R. tenera, and R. tenuis
are not mentioned in this catalogue. Although all the species shown in Table 1 only infest
hosts within the same family, some species of Resseliella have been found in multiple hosts
within the same family.

Agricultural pests
Multiple species of Resseliella are considered pests. Globally, Resseliella theobaldi
(raspberry cane midge) has received considerable attention as it is an important pest of
raspberry. The raspberry cane midge was first reported in 1921. In 1946 R. theobaldi was
found causing a significant death rate of raspberry canes (Pitcher 1952). Yield losses from
raspberry cane midge are significant, with losses up to 50%, making the crop unprofitable
to harvest (Hall et al. 2009).
Resseliella theobaldi was first included in the genus Thomasia by Theobald in 1921
when it was discovered in Southeast England. The species was later placed into the
Resseliella genus, although it does not form galls (Pitcher, 1952). In 1973, Gagné
synonymized the genus Thomasia to Resseliella (Nilsson 2008).
Larvae of R. theobaldi feed under the skin of primocanes (Nilsson 2008). These
larvae are very dangerous to cultivars that produce fruit in June – July as well as on
primocane fruiting cultivars that are harvested in August – October (Labanowska and Cross
2008). Comparatively, R. maxima has shown to have preferences to infest certain crop
stages. Field observations in early 2020 seem to indicate that soybean plants in V2 stage
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of growth or older are more susceptible to R. maxima than earlier stages. Soybean plants
at the V2 stage exhibit small fissures or cracks at the base of the plant that adults use as an
oviposition site (McMechan et al. 2021).
Fungal infections have been associated with R. theobaldi. Studies have found that
many raspberry plants, which were damaged by midges previously, presented fungal
infections (Nilsson 2008). Resseliella theobaldi tend to appear with various stem diseases
such as Dididella applanata and Botritis cinerea (Labanowska and Cross 2008).
Tanasković and Milenković (2010) have also reported that the wounds that R. theobaldi
causes to the primocanes are later found infested with Fusarium spp., Alternaria spp.,
Phoma spp., and Leptosphaeria coniothyrium.
In 1992, Grattwick described the larval feeding injury of R. theobaldi: The first
generation of larvae tend to cause deep lesions allowing the fungi to destroy the vascular
cylinder. Wound cork is produced around lesions, preventing further damage. However,
these canes are weak and more likely to break. The second and third-generation larvae can
cause injury in the mature cork layers and let fungi penetrate the tissues at a time when the
plant cannot repair the injury.
The complex of R. theobaldi larval feeding and fungal infection is called midge
blight (Nilsson and Tornéus 2008). Midge blight describes the death, bud failure, and
lateral wilt of raspberry canes (Dalman and Malkki 1986). The midge blight can lead to
losses of yield in the following year in raspberries (Tanasković and Milenković 2010).
Dalman and Malkki (1986) affirm that controlling R. theobaldi is important to reduce
damage caused by the midge blight since midge blight is more successfully prevented by
controlling R. theobaldi than by applying fungicides.
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Based on the Catalogue of Cecidomyiidae of the World (2017), some species of
Resseliella were previously considered to belong to the genus Mycodiplosis, a genus that
has several species which larvae are mycophagous. Resseliella theobaldi has been
associated with fungal infections (Nilsson 2008); however, it is not known whether this
mycophagous habit in larvae is common to the genus Resseliella as a whole (Foote 1956).
The species of Resseliella which were previously included in the genus Mycodiplosis are
R. cincta, R. clavula, R. coryli, R. coryloides, R. hudsoni, R. perplexa, and R. radicis
(Gagné and Jaschhof 2017).
Resseliella yagoi has been found infesting Japanese pear Pyrus pyrifolia (Burm F.)
Nakai (Rosaceae) in Japan (Yukawa et al. 2009), living in the core of the fruit or under the
bark of the plant (Yukawa et al. 2012). In 2003, larvae of Resseliella sp. were found feeding
on Japanese pear; although, its first occurrence could have been in 1920, when an identical
gall midge named pear codlin midge was found infesting this crop (Yukawa et al. 2009).
Another species of Resseliella that is considered an important pest is R. soya
(Monzen) (Yukawa et al. 2009), which has been found to infest soybean in Japan (Gagné
et al. 2019). Resseliella soya causes damage by feeding on the petioles of soybean plants
(Yukawa and Sunose 1978). Limited information on this species is available in English.
Resseliella coryloides, along with R. conicola are the only two species of
Resseliella associated with cones of conifers of the western forest (Foote 1956). A study
revealed that adults emerged from January through the spring when reared from cones from
northern California and southern Oregon (Keen 1958). Resseliella conicola is a
phytophagous insect native from North America, but has established on the coniferous
Picea sitchensis in Europe (Mattson et al. 2007), where it was first reported in 1999
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(Skuhravá et al. 2010. Resseliella silvana has been associated with cone damage in Florida
(Ebel et al. 1975), and it is included in the list of insects, which causes serious damage or
mortality to Jack pines (Benzie and McCumber 1983; Rudolph and Laidly 1990).
Very little information is available about the following species: Resseliella hudsoni,
R. maccus, R. perplexa, R. pinifoliae, R. radicis, R. tulipiferae, likely due to the fact that
none of them are currently considered significant pests. Resseliella clavula occurs in
eastern North America (Gagné et al. 2019) and it tends to be found on flowering dogwood
(Kingleman et al. 2004). Resseliella californica was first described from galls on
Symphoricarpos (Caprifoliaceae) collected in 1913 in California (Felt 1914).

Biology: Life cycle and behavior
Adults: Very little is known about R. maxima biology. Since its discovery in 2018,
most observations were made in the field due to the lack of a successful colony.
Observations indicate that R. maxima adults live only a few days, which corroborates with
one of its closest related species, R. theobaldi, an also short-lived fly that does not live
longer than three days (Nilsson 2008).
Reproductive characteristics of R. maxima, such as sex ratio, whether they
reproduce asexually or sexually, and the number of offspring produced per female, is
currently unknown. However, information about the reproductive behavior of related
species such as R. theobaldi has been studied, and it mostly supports the biological
characteristics that have been observed in R. maxima so far.
Pitcher (1952) described some of the reproductive factors for R. theobaldi,
indicating that the sex ratio for this species is around 60 percent male: 40 percent females.
It is also stated that R. theobaldi adults copulate soon after females emerge, and oviposition
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is expected to occur during their first 24 hours of life. Females of R. maxima lay eggs in
natural fissures created by the stem expansion, matching the behavior observed by Pitcher
(1952) of R. theobaldi, which suggests that females prefer to lay eggs in fresh splits, over
old and occupied ones with larvae. Other related species such as R. yagoi and R. clavula
lay eggs in the wound on the calyx end of the pear or under bark (Yukawa et al. 2009), and
on terminal leaves, respectively (Sacchi and Connor 1999).

Eggs: Adult females in the gall midge group typically lay eggs within 24 hours
after emergence (Stuart et al. 2012). Time-lapse videos that were placed into cages with
soybean plants in the greenhouse indicate female adults of R. maxima lay eggs in fissures
occurring on the base of the soybean stem (McMechan et al. 2021). Translucent and
elongated eggs have been seen on soybean plants, but DNA tests are still needed to confirm
they are R. maxima. However, similar eggs were observed when pressing the abdomen of
R. maxima females collected from the field.
The number of eggs per female has not been estimated yet; and numbers seem to
vary widely between different gall midge genera. Pitcher (1952) indicates that R. theobaldi
lays 45 eggs on average. Smaller numbers have been observed for the pinyon spindle gall
midge (Pinyonia edulicola Gagné), which lays an average of 10.8 eggs (Houseweart and
Brewer 1972). Furthermore, the rice gall midge (Orseolia oryzae Wood-Mason) has shown
higher rates from 90 to 115 laid eggs under controlled conditions (Jagadeesha et al. 2009).
Larvae: Resseliella maxima larvae are legless maggots two mm in length. Three
instars of R. maxima larvae have been identified, first instars are clear to white and third
instars are orange. Similarly, for R. theobaldi whose larvae hatch after 7–10 days, the first
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larval instar is translucent, transitioning to yellow/orange in the later instars (Nilsson 2008).
Resseliella theobaldi larvae fall from the stem to the ground and spend 14–21 days in the
cocoon before emerging. Larvae of R. maxima overwinter in the soil as third instars in
silken cocoons.
Pupae: Resseliella maxima pupae are found in the soil, and can be found in the first
two to four centimeters from the surface; similar to its related species R. theobaldi larvae,
which also overwinter in cocoons in the soil and pupate shortly before emergence occur
(Nilsson 2008). Pitcher (1952) has provided observations about the biology of R. theobaldi,
where it is stated that this gall midge usually pupates near the soil surface. Pitcher found
92% and 83% of cocoons in the first centimeter of soil, under controlled conditions, and
the field, respectively.
Resseliella maxima larvae are expected to pupate shortly before emergence in the
spring, between early to mid-June. In the same way, another related species, R. yagoi forms
cocoons and goes into the soil as mature larvae and pupate in the following spring (Yukawa
et al. 2009).
It has been observed that males of R. theobaldi begin to emerge before females, and
mating begins shortly after females have emerged (Nilsson 2008). In 2020, the first R.
maxima adults collected from cages placed in the field were males for 50% of the fields.
The sex ratio is still unclear for R. maxima, which suggests the cage system's
ineffectiveness in capturing first adult activity as soon as it starts.
The time between adult emergence and egg-laying is still unknown for R. maxima.
Its related species, R. theobaldi, usually mate as soon as they emerge and lay eggs within
their first 24 hours after eclosion (Pitcher 1952). Labanowska and Cross (2008) state that
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the number of generations for R. theobaldi is at least three; however, it can vary from two
to four (Gordon et al. 1997). Periods of emergence for R. maxima are discussed in the
sections below. More detailed research is yet needed to determine the duration and specific
information about the life cycle of R. maxima. However, several observations from R.
maxima are similar to information collected in some of its related species.

Adult flight and monitoring
Techniques such as temperature model and pheromone traps have been used to
monitor emergence and adult flight of gall midges. Gordon et al. (1989) developed a
temperature model based on accumulated soil temperatures to calculate the first oviposition
date for overwintered populations of R. theobaldi. In 2006, the sex pheromone of R.
theobaldi was identified and synthesized as (S)-2-acetoxy-5-undecanone to develop traps
to monitor adult males in eight European countries, Siberia and Russia (Cross et al. 2008).
Placing cages in R. maxima infested fields has allowed collection of adults that
emerge from the soil to monitor adult activity. In 2018, emergence cages (Fig. 1.4) were
placed for the first time over midge-infested soybean plants to collect adults that were later
identified as R. maxima (McMechan et al. 2018a). As of 2021, cages continue to be used
to monitor adult emergence.
Cages are initially placed in fields which were infested with R. maxima in the
previous year to capture the overwintering adults, considering that R. maxima larvae
overwinter in the soil (Fig. 1.3). After overwintering emergence is complete, cages are
moved into current year soybeans to monitor the two following periods of adult emergence,
after overwintering adults have moved into the soybean field and began to reproduce.
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Three periods of emergence have been observed for R. maxima (Fig. 1.5) with each
generation lasting 28 - 32 days (McMechan et al. 2021). In 2020, seventeen fields that
presented high infestations of R. maxima in the previous years were monitored along eight
counties in Nebraska. Emergence was first detected in Cass County on June 10. Emergence
in 2019 started in June 14, in a field located in the same county.
Three periods of emergence were also observed for its related species R. theobaldi
in Poland (Labanowska and Cross 2008). In their study, emergence started as early as the
end of April and lasted until late September. These results are similar to findings by Cross
et al. (2008) where the first generation of R. theobaldi was collected in Poland during
middle May (131-138 Julian days).
Resseliella theobaldi is now mainly monitored by using pheromone traps. Cross et
al. (2008) stated R. theobaldi could vary from three to five generations of adult flight, based
on their observation from 10 countries where they placed the pheromone traps. An
experiment conducted in Serbia for three years showed there were four peaks of the number
of raspberry cane midges males captured in pheromone traps (Tanasković and Milenković
2010). The first generation was clearly identified in this study; although, the second and
third generation overlapped, making it difficult to distinguish the occurrence of midges in
each generation. The same difficulty was also observed in Cross et al. (2008) who indicated
that identifying the number of generations for R. theobaldi was challenging, either because
later generations overlapped or due to high fluctuations in the numbers of midges caught.

Symptomology
A timeline for the symptomology of R. maxima on soybean has been suggested by
McMechan (2021), where it is notedthat after eggs have been laid, larvae develop inside
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the stem, and black coloration can soon be observed at the base of the stem. In 2019, field
observations found that white larvae are found when peeling the epidermis of soybean
stems. Three days later, larvae transitioning from white to orange were observed, and eight
days later (twenty days from adult emergence), plants start showing signs of wilting.

Management practices for Resseliella spp.
Chemical control
Information on adult emergence is necessary to successfully develop strategies to
manage gall midges (Tanasković and Milenković 2010). Insecticide timing has been a
significant issue in controlling midges, where some techniques such as pheromone trapping
have been used to determine when a spray application is needed for R. theobaldi (Nilsson
and Tornéus 2008). Pheromones for R. maxima have yet to be identified.
The number of R. theobaldi caught per pheromone trap is suggested for proposed
timed sprays, using a nominal threshold of 30 midges per trap per week (Cross et al. 2008).
Similarly, Niemczyk et al. (2000) recommended checking plants by cutting the skin of
youngest canes where females of R. ribis lay eggs, as well as evaluating one-year-old canes
during the winter season for detection of the pest and making decisions related to the timing
of sprays.
Labanowska and Cross (2008) suggested the most appropriate time to control R.
theobaldi is during their first generation. In this experiment, they applied the neonicotinoid
Mospilan 20SP (acetamiprid) at 0.125 kg/ha four times during the flight of first and third
generation and found an 85% reduction in the number of eggs and larvae. Insecticide
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applications after harvest have also been recommended to reduce R. theobaldi numbers in
the field for the following year (Tanasković and Milenković 2010).
Mospilan 20 SP was tested against R. ribis in Poland during 1998-1999
(Labanowska et al. 2000). Resseliella ribis is commonly known as black currant midge,
and it is considered an important pest of currants in Europe (Olszak et al. 2000).
Labanowska et al. (2000) described that, applications with Mospilan 20 SP were made at
the time of flight of the first and second generations, and these two applications gave
satisfactory control of the blackcurrant stem midge. However, detailed results are not
provided.
Dalman and Malkki (1986) evaluated chemical treatments to control R. theobaldi
and midge blight with Trichlorfon, azinphos-methyl, and azinphos-methyl + tolyfluanid.
In addition, they sprayed all the plots with azinphos-methyl to control the raspberry beetle,
which is also an important pest of raspberries. Applications with trichlorfon and azinphosmethyl tended to increase the incidence of larvae, compared to untreated canes, which
authors believe was because spraying negatively affected natural enemies of R. theobaldi.
The fungicide tolyfluanid apparently reduced the number of lesions for midge blight.
However, raspberry yields were not significantly affected by any of the treatments.
The control strategy for R. theobaldi in the United Kingdom is applying high
volume sprays of organophosphorus insecticides (Gordon et al. 1997), and by scheduled
spraying with broad-spectrum insecticides such as the organophosphate chlorpyrifos,
which is applied to control the first generation of larvae (Hall et al. 2009). Nilsson (2008)
described some organophosphorus insecticides that have been evaluated to control
raspberry cane midge: Fenitrothion applied pre-harvest seemed to reduce the number of
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patch lesions, and Azinphosmethyl was used to control raspberry cane midge until it was
banned in 2009.
Nilsson (2008) stated that the presence of R. theobaldi in raspberry is later followed
by fungal infections. Dalman and Malkki (1996) affirmed that the damage caused by R.
theobaldi seems to be insignificant, but the pathogenic fungus, which later develops on the
wounds, can cause plant death. Additionally, they stated that the most successful
prevention of these fungal diseases had been found by controlling R. theobaldi rather than
applying fungicides.
Successful chemical control strategies to control R. maxima have not been fully
examined. Results from insecticide trials in 2019 indicate that pyrethroid insecticides
applied up to 10 days after overwintering emergence is detected could have an impact on
R. maxima, although further studies are needed to understand the potential of this strategy.
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Biological control
Research has been conducted on biological control agents for some species of
Resseliella. Vétek et al. (2006) used insectaries where gall midge larvae were reared to
identify and evaluate the emergence of a parasitoid wasp. Additionally, bacteria such as
Bacillus subtilis (Mohamedova 2017) and Streptomyces avermitilis (Shternshis et al. 2002)
have also been tested for R. theobaldi.
The chalcidid Tetrastichus inunctus Nees is cited as an important parasitoid for R.
theobaldi larvae. This parasitoid seems to attack the first generation larvae, which reduces
midge numbers in subsequent generations (Vétek et al. 2006). Unfortunately, the type for
T. inunctus is lost, leading the species name to be considered ambiguous (Vétek et al. 2006;
Vétek et al. 2008).
Vétek et al. (2008) reported that attacked midge larvae do not died immediately
after being parasitized but continue feeding even longer than healthy midge larvae, and
parasitism increases in the following generations. In the study conducted by Vétek et al.
(2006) in Hungary, the chalcidid A. epicharmus was found parasitizing R. theobaldi larvae.
The biology of A. epicharmus has several similarities to T. inunctus, and they are thought
to be the same species or sibling species (Vétek et al. 2006).
The commercial biopesticides NeemAzal (azadirachtin A, Trifolio-M Germany),
and Sineis 480SC (Spinosad, DowAgroSciences, Bulgaria), as well as one noncommercial
strain of Bacillus subtilis, were evaluated for control of R. theobaldi under field conditions
(Mohamedova 2017). These biopesticides had a biological activity against R. theobaldi
when applied during the oviposition period and larvae hatching. NeemAzal and B. subtilis
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showed the highest efficacy on the reduction of number of midge larvae in the raspberry
splits relative to control.
Shternshis et al. (2002) evaluated Bacticide, based on B. thuringiencis subsp.
israelensis, and Phytoverm, based on Streptomyces avermitilis applied against R.
theobaldi. Additionally, Chitinase produced from Streptomyces sp. was used fr control of
fungi associated with R. theobaldi. Their results show that treatments with Bacticide and
Phytoverm significantly reduced midge blight severity. Yields were significantly higher on
plants sprayed with Phytoverm, compared with control plants. Chitinase also reduced the
development of midge blight, and its control was similar to more effective than the
chemical insecticide Carbophos.
Most of the literature available about the biological control of Resseliella species is
based on R. theobaldi, butis still poorly investigated (Mohamedova 2017). Finding a
biological control agent for R. maxima will likely take a significant amount of time, as
biology and ecology should be studied to understand R. maxima behaviors and
relationships in the agricultural environment.

Cultural control
Cultural control has been studied for some species of Resseliella, as it does not
typically cause adverse effects to the environment and humans (Tol et al. 2007). Dalman
and Malkki (1986) described other complications related to the use of pesticides, such as
how the time of spraying can be hard to establish because emergence periods vary within
years and adults and eggs are difficult to observe in the field.
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Mechanical removal of young canes has been evaluated as a technique to control
R. theobaldi. Dalman and Malkki (1986) reported that removing young canes successfully
reduced the number of larvae, and it had even higher levels of control when the young
canes were removed twice. Fungal lesions also decreased by removing the young canes;
however, cane growth was excessively weakened by two removals, and it aided midge
blight to destroy the canes instead of controlling it.
Resseliella theobaldi has also been controlled by eliminating oviposition sites by
using desiccant herbicides in the spring. These herbicides act by stimulating the production
of new replacement canes that do not have splits for oviposition during their first generation
(Gordon et al. 1997).
Essential oils have been tested in grafted apple trees to control R. oculiperda in the
Netherlands. The use of essential oils tends to be limited because they last for only two
weeks in the field before they have dried and evaporated. Nevertheless, females of R.
oculiperda are only attracted to lay eggs on fresh wounds which are usually open for up to
two weeks. Therefore, Van Tol et al. (2007) conducted an experiment to evaluate the
efficacy of several essential oils impregnated on budding strips and placed in branches of
apple trees. Lavender oil showed a high efficacy by reducing infestation by 95%.
As previously mentioned, a management plan to control R. maxima will need the
implementation of multiple tactics to be successful. Cultural control tactics such as planting
dates, tillage, and mowing are being evaluated in their efficacy to reduce R. maxima
infestation. Developing such strategies is fundamental for creating a management plan to
control this pest and assist growers in their need to reduce injury to soybean.
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Gall midge rearing
Insectaries have been used to evaluate the host range of gall midge species
(Williams et al. 1999). Rearing midges that can later be used in experiments aids in gaining
an understanding of their biology, life cycle, and possible parasitoids (Chen and Appleby
1984). Insectaries have been used to rear several gall midge species, such as Dasyneura
alopecuri (Reuter) (Barnes 1933). Barnes described that, reared midges were used to
evaluate and understand the degree of midge infestation from year to year, parasitism and
emergence dates.
Factors such as facilities design, strain management to maintain sexual
compatibility, diet, and quality control are some critical aspects to consider for insect
rearing (Parker 2005). There is evidence of successful rearing of Resseliella species, such
as Dall et al. (2009) where mature larvae of R. theobaldi were reared. This colony was
created by placing larvae collected from the field in plastic boxes with sections of
primocanes which had splits and natural patch lesions caused by the midge.
So far, a colony for R. maxima has not been completely established. Attempts to
establish a colony have been made in Iowa, South Dakota, Minnesota, and Nebraska.
Unfortunately, all attempts were unsuccessful to date.
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Tables
Table 1.1 Host diversity for some species of Resseliella (Gagné and Jaschhof 2017).
Resseliella species

Host family

betulicola

Betulaceae

californica

Caprifoliaceae

citrifugus

Rutaceae

clavula

Cornaceae

conicola, ingrica, piceae, pinifoliae, resinophaga,

Pinaceae

sibirica, skuhravyorum, coryloides
crataegi, oculiperda, theobaldi, yagoi, fruticosi

Rosaceae

emblicae

Euohorbiaceae,

galegae, triangulicep, soya

Fabaceae

kadsura

Schisandraceae

lavandulae

Lamiaceae

liriodendra

Magnoliaceae

odai and resinicola

Taxodiaceae

oleisuga

Oleaceae

orientalis

Celastraceae

proteae

Proteaceae

quadrifasciata

Moraceae

radices

Asteraceae

ranunculi

Ranunculaceae

ribis

Grossularinaceae

salicicola

Salicaceae

salvadorae

Salvadoraceae

syringogenea

Apiaceae

vespicoloris

Brassicaceae

xanthorrhoeae

Xanthorrhoeaceae
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Figures
Figure. 1.1 Resseliella maxima eggs in the soybean stem.

Figure 1.2. Resseliella maxima larvae separated by instars (from right to left: egg, first
instar (white), second instar (pigmented), and third instar (pigmented). Photo by Kaur, R.
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Figure 1.3. Diagram of cage arrangement in the field. Created by Justin McMechan.

Figure 1.4. Field cages for adult collection of R. maxima.

Figure 1.5. Emergence of R. maxima: Number of adults collected from cages at the
Eastern Nebraska Research and Extension Center and the timing of pyrethroid or
organophosphate applications in 2019.
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CHAPTER 2
EFFICACY OF INSECTICIDE TIMING TO SUPPRESS R.
MAXIMA IN THE FIELD
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Introduction
Soybean gall midge (Resseliella maxima Gagné) is currently considered a serious
pest of soybean in some of the Midwestern states in the United States. Injury to plants is
caused by R. maxima larval feeding, which mainly occurs at the base of soybean stems
(McMechan 2021). Larval feeding causes damage to the phloem and xylem of the plant,
eventually causing plant death (McMechan et al. 2021).
Significant levels of injury caused by infestation with R. maxima are primarly
observed at the field edge with decreasing injury into the center of the field (McMechan et
al. 2021). Economic losses associated with R. maxima are inevitable because of the high
number of dead or dying plants (McMechan et al. 2019).
Infested stems show a dark discoloration and sometimes swelling at the base of the
stem. Plants with advanced infestation with R. maxima are typically found wilted or dead.
However, some infested plants do not show noticeable symptoms, except possibly some
basal discoloration. In this case, the base of the stem near the soil surface needs to be
carefully evaluated to confirm R. maxima infestation. Larvae can be present in three instars:
from a small white larva to a larger orange larva (McMechan et.al 2021).
Resseliella maxima is a recently discovered species (Gagné et al. 2019). The
biology and behavior have just begun to be understood by entomologists. Adult emergence
starts in the spring, around early-mid June, and it comprises three periods of adult activity.
The first period of adult emergence is known as the overwintering generation (McMechan
et. al. 2021). This generation of adults emerges from the previous year soybean fields,
where the insect overwintered. Following emergence, the overwintered adults move out of
these fields and towards current year soybean fields where they can feed on soybean plants.
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Two periods of adult emergence are believed to occur in the current year soybean fields,
the first and second generation, respectively.
Limited information is available on the use of insecticides to suppress R. maxima.
However, several insecticide studies have been conducted on one of its related species, R.
theobaldi. Findings from these studies suggest that insecticide applications should be made
at the beginning of the first adult detection in the spring (Labanowska and Cross 2008).
The authors indicate that the time of application can be fixed by using pheromones to
monitor the adult flight. Unfortunately, pheromones for R. maxima have not yet been
studied. Rather, an adult trapping method to monitor adult emergence has been developed
which provides information on the duration, source, and abundance of R. maxima adults in
the field; such information can be used to time insecticide applications.
In the United Kingdom, R. theobaldi is mainly controlled by scheduled foliar
applications with organophosphate insecticides to target the first generation of larvae in the
spring (Hall et al. 2009). The timing of these applications is aimed at preventing damage
by subsequent generations. Hall et al. (2009) also stated that synthetic pyrethroids are used
to control R. theobaldi in countries where organophosphates are not available for use on
raspberry, but this treatment is less effective.
Soybean growers have faced significant yield losses due to the damage caused by
R. maxima in the Midwest of the United States. Complete yield losses have been reported
up to 30 m from the edge of the field (McMechan et al. 2021), and about 20% yield losses
between ~60 m and 120 m from the field edge (McMechan et al. 2018). Foliar insecticides
are a commonly used strategy for many soybean pests, but information is needed to
determine insecticide efficacy and application timing for R. maxima.
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Finding an insecticide treatment and application timing that provides effective
control of R. maxima is critical to reduce economic losses due to the injury caused to
soybean by this pest. The objective of this study was to evaluate the efficacy of an
organophosphate, pyrethroid, and neonicotinoid insecticides applied individually at
different times relative to overwintered adult R. maxima emergence to control R. maxima
in the field.
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Materials and Methods
A field trial was conducted to evaluate the efficacy of insecticide timing to control
R. maxima infestation. Field studies were conducted over two years near Memphis,
Saunders County, Nebraska. Three insecticide classes and three different timings were used
as treatments. The insecticides Hero (bifenthrin + zeta cypermethrin; pyrethroids),
Dimethoate (organophosphate), and Belay (Clothianidin; neonicotinoid) were evaluated at
maximum labelled rates for soybean, as well as an untreated control. In 2021, a treatment
with Thimet 20G (organophosphate) applied at planting was added based on results from
a previous year study (McMechan 2021). Each foliar insecticide class was applied to
different plots at 1) the same day as first adult detection; 2) five days after first adult
detection; and 3) ten days after first adult detection. These studies were conducted on a
corn-soybean rotation. Plots were arranged as a randomized complete block design
(RCBD) with four replications, with each plot measuring ~3 m by 9.14 m. In 2020, the
field was planted in May 3 at a rate of 395,369 seeds per hectare, using soybean variety
P28A42X. In 2021, the field was planted with the same variety at a rate of 395,200
seeds/hectare.

Monitoring of adult emergence
Since 2019, adult emergence of R. maxima has been monitored using corn
rootworm emergence cages. Sets of cages are set up in multiple locations within a field, in
scenarios with a corn-soybean rotation. Applications were made in the adjacent current
year soybean field based on the emergence of the overwintering generation adults collected
from cages placed in the adjacent previous year’s soybean fields. Adult monitoring
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continued through the season to document the emergence of first and second generation by
placing cages in the current year’s soybean field.
Cages were placed in the field in the spring (early May) and checked daily to track
adult emergence to time insecticide applications. A total of 12 cages were placed in last
year’s soybean at 3 m and 30 m from the edge of the field for both years. In 2020, one cage
was placed on each plot in the first two replications the insecticide trial, for a total of 20
cages.
An ANOVA analysis was run to evaluate differences in the total number of adults
collected from cages placed in untreated areas of the field and plots from the insecticide
trial previously mentioned. The total number of larvae in the season did not seem to vary
significantly from the insecticide trial plots (F9,10 = 2.28, P 0.1080); however, the total
number of adults collected in July showed significant differences in untreated areas
compared to insecticide trial plots (F9,10 = 4.59, P= 0.0129). Based on this analysis, it was
decided to only consider the adult emergence from the 12 cages placed on untreated areas
for the results of this study. In 2021, the 12 cages to monitor first and second emergence
from soybean were only set at three meters and 30 m from the edge of field.

Insecticide applications
Applications were done with a three-point mounted sprayer at a rate of 140 L/ha
and 40 psi. The nonionic surfactant 80/20 was added to the tank mix to improve the wetting
and spreading of the insecticides. The surfactant was mixed at a rate of 1% v/v of total
solution. Insecticides were applied at a rate of 0.73 L/ha, 1.17 L/ha, and 0.43 L/ha for Hero,
Dimethoate, and Belay, respectively. In 2021, a treatment with the organophosphate
Thimet 20G at 10.98 kg/ha was applied in furrow at planting.
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Herbicide applications
Herbicide applications were done with a three-point mounted sprayer in 2020 and
with a Kubota sprayer in 2021. In 2020, herbicide applications occurred between late May
to middle June. The first herbicide application included Roundup® at a rate of 2.3 L/ha
and Warrant at 3 L/ha. The second application included the same rate of Roundup® and
AMS at 8.5 lb./100g. In 2021, weeds were controlled by four major herbicide applications
during April, May, and June. A pre-emergence application was done in middle April. This
application included Valor ® SX, Roundup Powermax ® and 2,4-D LV-6 at a rate of 0.15
L/ha, 2.3 L/ha, and 0.6 L/ha, respectively. Two more applications with Roundup
Powermax® were sprayed in June. The last two herbicide applications occurred at a V1
and R1 soybean stage. These applications included Select Max® at a rate of 0.9 L/ha and
1.17 L/ha and Warrant® at 3.5 L/ha and 2.3 L/ha.

Evaluation
To determine the efficacy of each insecticide and timing, the treatments were
evaluated for the proportion of infested plants, the total number of larvae from six plants,
and the number and proportion of white and pigmented larvae. In addition, plots were
visually rated for plant injury, and final yield was taken. The frequency of infested plants
and the number of larvae were evaluated twice during the season. Plant injury was
evaluated weekly from the first adult detection until crop maturity.
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Frequency of infested plants
In 2020, the frequency of infested plants was evaluated on June 30 and July 23, 17
and 22 days after overwintering first emergence was detected, respectively. In 2021, the
frequency of infested plants was evaluated on June 23 and July 16, 15 and 21 days after
overwintering first emergence was detected, respectively.
Ten consecutive soybean plants were collected from the two outer rows of the plot.
Each plant was individually evaluated for the presence of R. maxima larvae. To confirm R.
maxima larval presence, the stems were broken, and the epidermis was peeled in and past
the discolored area of the stem. Plants were considered infested only when larval presence
was confirmed. In 2021, plants were separated into two categories: infested, when larval
presence was confirmed, and symptomatic, when dark discolorations in the lower stem
were observed.

Larval counts
The number of larvae per plant was also counted twice from collections made on
the same dates when the frequency of infested plants was evaluated. For this evaluation,
three infested plants were randomly selected from each set of 10 plants that were previously
evaluated for frequency of infested plants. The roots and leaves of these plants were
removed with a hand pruner with the stems placed in Celltreat Brand 50 mL conical
centrifuge tubes to prevent the larvae from escaping.
The conical centrifuge tubes were brought to the laboratory, and samples were
processed within two days after the collection day to prevent fungal growth that would
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confound the counting process. Stems were removed from the conical centrifuge tubes and
placed under a stereo microscope and dissected with forceps. The epidermis of the stems
was peeled back, starting from dark areas and extending along the stems until the whole
stem was dissected. The larvae were extracted from the stem and simultaneously counted
and separated into two categories: white and pigmented. Small white larvae were
considered as white, whereas larger larvae transitioning from white to orange, and bright
orange larvae were considered as pigmented.
Plant injury
Plant injury was evaluated using a rating system based on one developed by Iowa
State University (Helton 2021). This system uses a categorical scale from 0–3 to describe
the severity of the injury caused by R. maxima infestation in the field. For this study, the
scale was extended to 0-4 where values of 0 indicated no visible signs of injury, 1, 2, 3 and
4 indicated 25, 50, 75, and 100% of plants injured, respectively. A decimal system with
increments of 0.25 was used between integers to provide greater detail on the injury
increase. Evaluation was done by walking along every plot and assigning the numerical
score based on the quantity of wilted and dead plants that was observed. This evaluation
occurred weekly from first adult detection until soybean plants were close to maturity (R7
stage).

Grain Yield
The middle two rows from each plot were harvested at the end of the season to
measure yield in each of the treatments. Soybean yields were adjusted to 13% moisture
prior to further statistical analyses.
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Statistical analyses
Infestation with R. maxima was analyzed as a nested two-way factorial in PROC
GLIMMIX (version 9.22; SAS Institute 2008) to determine the significance of the main
effects and interactions. Infestation was analyzed as the number of infested plants out of
the 20 plants sampled per plot, suggesting a binomial distribution. Pairwise comparisons
between product and timing of application were also analyzed for all of the treatments,
including untreated plots.
A nested two-way factorial analysis in PROC GLIMMIX (version 9.22; SAS
Institute 2021) was also used to analyze larval number. Larval number was analyzed by
using three response variables: total larvae count (total number of larvae from six plants),
category larval count (number of white and pigmented larvae) and category proportion of
total (proportion of white and proportion of pigmented larvae) to determine the abundance
and frequency of larvae on soybean stems. The total larvae count, and category larval count
were interpreted following a negative binomial distribution. Category proportion was
analyzed as an autoregressive model AR(1) in PROC GLIMMIX (version 9.22; SAS
Institute 2021) with a repeated measures analysis which followed a binomial distribution.
An analysis of variance in PROC GLIMMIX (version 9.22; SAS Institute 2021) was used
to determine significant differences in yield between treatments, using replication as a
random effect.
In 2020, the first replication was excluded from the final statistical analyses as
inconsistency between plots was observed. At least three of the plots in the first replication
were located next to dense vegetation, such spots are believed to be highly attractive to R.
maxima, biasing the observations from this replication.
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Results
Environmental conditions: 2020
In Saunders County, the average daily temperature ranged between 3.6 to 29.4°C
(Fig. 2.1) from first adult detection in June and late September. In June 2020, the
average temperature at the Memphis 5N, NE station in Saunders County was 23.9°C.
This temperature was greater than the 30-year average temperature in June at 21.9°C
(Fig. 2.1). In July 2020, the average temperature (23.4°C) was slightly lower than the
30-year average of 24.1°C. In August and September 2020, the average monthly
temperature was 24.1°C and 20.1°C, respectively, compared to the 30-year average of
22.8°C and 20.1°C for August and September, respectively (Fig. 2.1).
From June 13 to September 18, 2020 the daily precipitation ranged from 0 to 24.6
mm (Fig. 2.2). Total precipitation for each month during the study was lower than the 30year average for the corresponding month. Total precipitation was 63.5 mm in June, 39.9
mm in July, 36.1 mm in August and 38.6 mm in September compared to 124.5, 85.9, 102.1,
and 75.4 mm for the 30-year average for each corresponding month, respectively (Fig. 2.2).

Environmental conditions: 2021
In Saunders County, the average daily temperature ranged between 4.3°C to
24.9°C from first adult detection in June to late September (Fig. 2.3). In June 2021, the
average temperature at the Memphis 5N, NE station in Saunders County was 23.9°C
slightly greater than the 30-year average for June of 22.0°C. In July 2020, the average
temperature was 23.4°C slightly lower than the 30-year average of 24.1°C. In August
and September 2020, the average monthly temperature was 24.1°C and 20.1°C,
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respectively (Fig. 2.3). These temperatures were slightly greater than the 30-year
average of 22.8 and 20.1°C for August and September, respectively.
From June 13 to September 30, 2021 the daily precipitation ranged from 0 to
3.1 mm (Fig. 2.4). Four precipitation events occurred during that period where greater
than 25.4 mm of rain occurred on the same day. The total precipitation per month was
66.5 mm in June, 55.9 mm in July, 123.0 mm in August, and 41.7 mm in September,
compared to the 30-year average of 124.5, 85.9, 102.1, and 75.4 mm for each
corresponding month (Fig. 2.4).

Adult emergence monitoring
In 2020, adult emergence in the Saunders County field site was first detected on
June 13, when one adult was collected from the site cages (0.08 adults/cage/day) (Fig. 2.5).
The overwintered adult emergence lasted 26 days, from which 16 days had active adult
emergence Fig. 2.5). R. maxima adult population in June ranged from 0 to 0.33
adults/cage/day (Fig. 2.5). No adult emergence occurred on June 15, 17, 18, 21, 22, 24 –
27, July 7, and July 9. Adult emergence from the current year’s soybean was first detected
in June 30 when 0.08 adults/cage/day were collected (Fig. 2.5). In July, the number of
overwintering adults ranged from 0–0.50 adults/cage/day, with the last overwintering adult
detected on July 11 at 0.04 adults/cage/day (Fig. 2.5). Adult activity was consistent in
August, with adults collected every two days. The greatest number of adults collected in
the season occurred on August 2, with 9.96 adults/cage/day (Fig. 2.5). The adult population
started decreasing after August 12 with less than 1 adult/cage/day for the remaining of the
season (Fig. 2.5). The last adult detection of the season occurred on September 1, with 0.04
adults/cage/day collected (Fig. 2.5).
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In 2021, adults were first detected in the Saunders County field site on June 8 at
an average of 0.1 adults/cage/day (Fig 2.6). The overwintering adult emergence lasted 22
days (Fig. 2.6) with nine days of activity. Resseliella maxima adult population in June
ranged from 0 to 0.17 adults/cage/day (Fig 2.6). Adult activity was not consistent during
the 22 days of overwintering emergence, with no emergence occurring on June 9–14, June
23, 29. In July, the number of overwintering adults occurred on 1, 3, 5, and 9 (Fig 2.6).
Adult emergence from current year’s soybean was first detected in July 3, with 0.2
adults/cage/day collected (Fig 2.6). In July, the number of overwintering adults ranged
from 0 to 0.4 adults/cage/day, until July 13, when overwintering adults were last detected
(Fig 2.6). The number of adults from the current year’s soybean in July ranged from 0 to
3.38 adults/cage/day (Fig 2.6). The greatest number of adults collected in the season
occurred in August 12, at an average of 5.9 adults/cage/day. The last adult detection of the
season occurred in September 3 when 0.1 adults/cage/day were collected (Fig 2.6).

Pest response: 2020
Infestation
No significant differences in the proportion of infested plants were found between
products, products nested with time of application, evaluation date and product, and the
interaction of evaluation date and product with nested time of application (Table 2.1).
However, the main effect of evaluation date was significant (F1,20.54 = 138.37, P <0.0001)
indicating the increase of average proportion of infested plants of 0.31 to 0.88 from the
first to second evaluation was (Table 2.1).
On June 30, when the first evaluation occurred, the average proportion of infested
plants on plots treated with the pyrethroid Hero was 0.39, 0.30, and 0.36 for first, second
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and third application timings, respectively (Fig. 2.7). The organophosphate Dimethoate
LV-4 showed an average proportion of infestation of 0.50, 0.40, and 0.22 for first, second,
and third application, respectively (Fig. 2 8). On June 30, the neonicotinoid Belay showed
an average proportion of infested plants of 0.26, 0.30, and 0.32 for first, second, and third
timing of application, respectively (Fig. 2.9). The proportion of infested plants decreased
periodically based on the timing of application for Dimethoate LV-4 (Fig. 2 8); however,
statistical differences were not detected. The average number of infested plants did not
differ amongst products (Figs. 2.7, 2.8, 2.9).
On the second evaluation on July 23, the average proportion of infested plants with
Hero was 0.91, 0.89, and 0.88 for first, second, and third timing of application, respectively
(Fig. 2.7). The organophosphate Dimethoate LV-4 showed proportions of infestations of
0.91, 0.82, and 0.89 for first, second, and third application timing, respectively (Fig. 2.8).
The average of infested plants for the neonicotinoid Belay was 0.90, 0.87, and 0.84 for
first, second, and third application timing, respectively (Fig. 2.9). The average number of
infested plants did not differ amongst products (Figs. 2.7, 2.8, 2.9).The average proportion
of infested plants on control plots (untreated) was 0.21 and 0.89 during the first and second
evaluation, respectively.

Total Larvae Count
The products (F3,18.15 = 0.29, P = 0.8353), the interactions of evaluation date by
product (F3,20.67 = 0.92, P = 0.4482), and the interaction of date by product with nested
application timing (F 6,20.39 = 1.24, P = 0.3291) did not show an impact on the total number
of larvae from six plants. However, the products with nested application timing approached
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significance (F6,17.94= 2.30, P = 0.0800), and the evaluation date had an effect on total larvae
number (F1, 20.68 = 121.78, P <0.0001) with the average total number of larvae increasing
from June 30 to July 23 (Table 2.2).
On June 30, untreated plots (control) had 22.1 total larvae from six plants. Hero had
30.8, 50.5, and 34.6 total larvae from six plants for first, second, and third application
timing, respectively (Fig. 2.10). Plots treated with Dimethoate LV-4 showed 43.4, 50.0,
and 11.4 total larvae for first, second, and third application timing, respectively (Fig. 2.11).
The number of total larvae on plots applied with Dimethoate LV-4 at first application were
greater than third application timing (t40= 2.93, P = 0.0212). Similarly, the number of total
larvae on third application timing was lower than second application timing (t40= - 3.25, P
= 0.0106); however, no differences on the total number of larvae between products were
found. Plots applied with Belay had 31.6, 38.0, and 22.0 total larvae for first, second, and
third application timing, respectively (Fig. 2.12).
On July 23, untreated plots (control) had a total of 132.5 total larvae from six plants.
Total larval counts for Hero treatments were 95.3, 159.8, and 119.2 larvae for first, second,
and third application timing, respectively. Plots applied with Dimethoate LV-4 showed
171.7, 166.3, and 124.4 total larvae for first, second, and third application timing. Plots
applied with Belay had 88.1, 164.9, and 165.2 total larvae for first, second, and third
application timing, respectively.

White Larvae Count
The products (F3,18 = 0.53, P = 0.6554), the products with nested application timing
(F6,18= 1.29, P = 0.3114), the interactions of evaluation date by product (F3,18= 0.59, P =
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0.6319), and the interaction of date by product with nested application timing (F5,18 = 0.77,
P = 0.5829) did not show an impact on the number of white larvae from six plants.
However, the evaluation date (F1,18= 126.31, P < 0.0001) indicated an increase of pest
pressure on the second evaluation date (Table 2.2).
On June 30, no differences between timings of application were observed for any
of the products. However, a numerical pattern was observed on plots applied with
Dimethoate LV-4, where the number of white larvae increased with the later application
timings with 0.8, 1.4, and 1.7 white larvae from six plants for first, second, and third
application timing, respectively. The observations on June 30 for Belay at second
application timing were removed due to a lack of white larvae that caused convergence
issues.
On July 23, no differences on the number of white larvae from six plants occurred
with Belay at first and third application timing, or Dimethoate LV-4 at any application
timing. However, the number of white larvae from six plants with Hero at first application
timing (13.8) was lower than second application timing (63.0 white larvae; t18= - 2.57, P=
0.0481). Overall, the number of white larvae from six plants did not differ between
products.

Pigmented Larvae Count
The products (F3,18.22 = 0.23, P = 0.8775), the products with nested application
timing (F6,18.03= 2.18, P = 0.0.0933), the interactions of evaluation date by product (F3,20.79=
1.49, P = 0.2470), and date by product with nested application timing (F6,20.5 = 1.64, P =
0.1876) did not show an impact on the number of pigmented larvae from six plants.
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However, the number of pigmented larvae increased on the last evaluation date (F1,20.8=
93.41 P < 0.0001) (Table 2.2).
On June 30, untreated plots (control) had 21.8 pigmented larvae from six plants.
Hero had 30.3, 46.0, and 34.0 pigmented larvae from six plants for first, second, and third
application timing, respectively, with no differences between application timings.
Dimethoate LV-4 had 42.4, 47.7, and 9.4 pigmented larvae from six plants for first, second,
and third application timing, respectively, with first being greater than third (t40= 3.31, P =
0.0091), and third being lower than second (t40= - 3.58, P = 0.0050). No differences were
observed between first and second application timing. Belay had 30.8, 37.1, and 21.4
pigmented larvae from six plants for first, second, and third application timing,
respectively, with no differences occurring. The observations on June 30 for Belay at
second application timing were removed due to the lack of pigmented larvae that caused
convergence issues. Overall, the number of pigmented larvae did not differ between
products on June 30.
On July 23, the first application timings always had the lowest number of
pigmented larvae from six plants, following by third and second application timing,
respectively. However, no differences between application timings or amongst products
were observed.

White Larvae: Proportion of Total
The products (F3,18 = 0.98, P = 0.4240), products with nested timing (F6,18 =1.64, P
= 0.1984) did not have an impact on the white proportion of total. However, the evaluation
date (F1,18 = 85.20, P < 0.0001), the interactions of evaluation date and product (F3,18 = 3.14,
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P = 0.0508), and evaluation date by product with nested time (F5,18 = 3.06, P = 0.0358)
showed an effect on the white proportion of total (Table 2.2).
No differences on the proportion of total for white larvae were observed between
application timings or amongst products during the first evaluation on June 30. Plots
applied with Hero showed proportions of 0.02, 0.05, and 0.01 for first, second, and third
application timing, respectively. The white proportion of total larvae with Dimethoate LV4 increased with latter applications, with 0.02, 0.03, and 0.17 for first, second, and third
application timing, respectively. Plots applied with Belay showed proportions of 0.01, and
0.03 for first and third application timing, respectively. The white proportion of total larvae
with Belay at second application timing were excluded from the analysis because of
convergence issues caused to the high frequency of zeros for the number of larvae on this
date. Untreated plots had a white proportion of total of 0.01.
On July 23, no differences in the white proportion of larvae were observed for
Dimethoate LV-4, with proportions decreasing with latter applications at 0.25, 0.20, and
0.16, for first, second, and third application timing, respectively. Similarly, Belay did not
show differences on the proportion of white larvae at 0.16, 0.25, and 0.25 for first, second,
and third application timing, respectively. Hero showed differences on the white proportion
of total larvae, where first application timing had a lower proportion of white larvae (0.15)
in comparison to second application timing (0.37), t18= - 2.84, P = 0.0278). The white
proportion of total for first and second application timing did not differ from third (0.30).
Untreated plots showed a white proportion of total of 0.22. No differences amongst
products were observed.
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Pigmented Larvae: Proportion of Total
The products (F3,18 = 0.93, P = 0.4456), and the products with nested application
timing (F6,18= 1.87, P = 0.1409) did not have an impact on the proportion of total pigmented
larvae. Interactions of evaluation date and product (F3,20 = 2.91, P = 0.096), and evaluation
date by product with nested application timing (F6,20 = 2.57, P = 0.0518) approached
significance. The evaluation date (F1,20 = 9.87, P = 0.0053) had an effect on the proportion
of total pigmented, indicating the increase on pigmented larvae on the second evaluation
date (Table 2.2).
On June 30, no differences on the proportion of total pigmented were observed for
application timings with Hero (0.98, 0.95, and 0.99) or Belay (0.99, 1.00, 0.97) for first,
second, and third application timing, respectively. Dimethoate LV-4 at first application
timing had a greater proportion of total (0.98) in comparison to the third application timing
(0.83, t2.63 = 0.0161, P = 0.0409). The proportion of total pigmented for the second
application timing (0.97) did not differ from the other two application timings. Untreated
plots (control) had a proportion of total of 0.99. Overall, no differences in the proportions
of total pigmented larvae occurred amongst products.
On July 23, no differences between application timings occurred for Dimethoate
LV-4 with 0.75, 0.81, and 0.84 for first, second, and third application timing, respectively.
No differences were detected between application timings with Belay at 0.83, 0.75, and
0.75, for first, second, and third application timing, respectively. However, the first
application timing with Hero had a greater pigmented proportion of total (0.85) compared
to the second application timing ( 0.63; t20 = 3.41, P = 0.0075). The proportion of total
pigmented larvae on the third application timing (0.70) did not differ from the other two
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application timings. Untreated plots (control) had a proportion of total pigmented larvae of
0.78. Overall, no differences amongst products occurred.

2020 Plant Response
Plant Injury
Evaluation time had an effect (F2,40 = 690.59, P < 0.0001) with the plant injury for
early evaluation time being lower than mid-season and late evaluation time (Table 2.3).
The main effect product, and product with nested time, the interaction of product by
evaluation time, and the interaction of product by evaluating time with nested time were
not significant. Three AUSPC values were evaluated: early (last day of June), mid-season
(last day of July), and final (last day of August) (Table 2.3).
No trends or differences on early or final AUSPC values occurred between
application timings within products or between products. Overall, plots treated with
Dimethoate LV-4 had the greatest final AUSPC (3342.4), followed by Belay at 3011.8,
untreated at 2912.5, and Hero at 2893.1.
The average mid-season AUSPC for untreated plots was 952.1 (Fig. 2.13). Hero
had a mid-season AUSPC of 941.0, with 1037.5, 791.7, 993.8 for first, second, and third
application timing, respectively, with no differences on the AUSPC value between
application timing. The average mid-season AUSPC on plots applied with Dimethoate LV4 was 1301.4 with 1997.9, 970.83, and 935.4 for first, second, and third application timing,
respectively. The mid-season AUSPC on plots applied with Dimethoate LV-4 at first
application timing was greater than third application timing (t40 =3.18 P = 0.0079). In
addition, the mid-season AUSPC on plots applied with Dimethoate LV-4 at first
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application timing was greater than second application timing (t40 = 3.07, P = 0.0105). No
differences in Belay application timings occurred for the average mid-season AUSPC with
948.7, with 995.8, 989.6, and 968.8 for first, second, and third application timings,
respectively.

Grain Yield
No differences in yield were observed for products (F3,18= 0.35, P= 0.7914) or the
interaction of product and application timing (F6,18 = 0.59, P = 0.7310) (Table 2.4). On
average, plots treated with Hero at second application timing showed the greatest numerical
yield (2592.4 kg/ha), followed by Belay at third application timing (2363.8 kg/ha) (Fig.
2.14). These treatments were followed by Belay at first application timing with a yield of
2290.2 kg/ha (Fig. 2.14). Hero at third application timing had a yield of 2287.5 kg/ha (Fig.
2.14). Dimethoate LV-4 at second and third application had yields of 2270.8 and 2253.8
kg/ha, respectively (Fig. 2.14). Hero applied at emergence showed a yield of 2242.8 kg/ha
(Fig. 2.14). The third lowest yield was observed in untreated plots (2141.0 kg/ha) (Fig.
2.14). The two lowest yields were harvested from plots applied with Belay at second
application timing (1723.2 kg/ha), and with Dimethoate LV-4 at first application timing
(1592.8 kg/ha) (Fig. 2.14).

Pest response: 2021
Infestation
The main effect of product (F4,28.75 = 4.02, P = 0.0104) had a significant impact on
the proportion of infested plants with R. maxima (Table 2.5). The main effect date, product
with nested time, the interaction of date and product, and the interaction of date and product
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with nested time did not show a significant effect on the infestation with R. maxima (Table
2.5).
On June 23, the average proportion of infested plants ranged from 0.08 to 0.46
across all treatments (Fig. 2.15). The average proportion of infested plants on plots treated
with Hero was 0.08 for the first timing of application and 0.17 for both second and third
timing of application, respectively (Fig. 2.15). No significant differences in the proportion
of infested plants between application timings was observed within Hero (Fig. 2.15). In
addition, the proportion of infested plants in the first evaluate date was greater for the
untreated plots compared to Hero (t57.94= 3.01, P = 0.0378) (Fig. 2.15). No differences on
the proportion of infested plants were observed between Hero and Thimet 20G (Fig. 2.15).
For Dimethoate LV-4 no differences in application timings occurred with proportion of
infestation of 0.19, 0.16 and 0.34 for first, second, and third application timing, respectively
(Fig. 2.17). In addition, there were no differences between Dimethoate LV-4 and the
untreated or Thimet 20G (Fig. 2.17). Belay showed an average proportion of infested plants
of 0.44, 0.21 and 0.37 for first, second, and third application timings, respectively with no
differences between application timings (Fig. 2.18). No differences on the proportion of
infested plants occurred between Belay and other products on the first or second evaluation
dates (Fig. 2.18).
On July 16, the second evaluation for the average proportion of infested plants was
not different between treatment. Hero was 0.19, 0.27 and 0.31 first, second, and third
timing of application, respectively (Fig. 2.15). Dimethoate LV-4 had a proportion of
infestation of 0.27, 0.34 and 0.32 larvae from six plants (Fig. 2.17). The proportion of
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infested plants with Dimethoate LV-4 was not different from untreated plots or plots
applied with Thimet 20G at planting (Fig. 2.17).
During the second evaluation, the proportion of plants showing symptomology of
feeding due to R. maxima; however, larvae were not found in these plants. To account for
this observation, plants with signs of feeding (symptomatic) were counted. The proportion
of symptomatic plants with Hero were 0.54, 0.61, and 0.09 for first, second, and third
application timing, respectively (Fig. 2.16). Plots applied with Dimethoate LV-4 had 0.45,
0.63, and 0.54 as the proportion of infested plants for first, second, and third application
timing, respectively (Fig. 2.19). The proportion of infested plants with Belay were 0.64,
0.60, and 0.51 for first, second, and third application timing, respectively (Fig. 2.20). The
proportion of symptomatic plants on untreated plots and Thimet 20G was 0.65 and 0.53,
respectively with no differences between treatments.
Untreated plots had an average proportion of infested plants of 0.46 on June 23, decreasing
to 0.41 on July 16. Plots applied with Thimet 20G at planting showed proportions of
infestation of 0.17 and 0.40 for first and second evaluation, respectively. No differences in
the proportion of infested plants were detected between untreated plots and other
treatments, except for Hero having a lower infestation in the first evaluation date.
Total Larvae Count
Products (F4,30.37 = 4.05, P = 0.0095), products nested with timing (F6, 30.87 = 2.87,
P = 0.0242), and evaluation date (F1,33.65 = 13.31, P = 0.0009) had an effect on the total
number of larvae from six plants. However, the interaction of evaluation date by product
and the interaction of date by product with nested application timing did not have an impact
on the total number of larvae from six plants (Table 2.6).
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On June 23, Hero had 2.8, 67.5, and 18.9 total larvae for first, second, and third
application timing, with second (t66 = 3.93, P = 0.0011) and third (t66 = 3.21, P = 0.0080)
having a greater number of total larvae than first application timing. No differences
occurred between second and third application timings. No differences occurred for
Dimethoate LV-4 had 14.6, 26.1, and 36.4 total larvae, for first, second, and third
application timing, respectively. Similarly, no differences occurred for Belay with 46.3,
27.6, and 24.9 for first, second, and third application timing, respectively. Plots applied
with Thimet 20G at planting had 10.1 total larvae, and untreated plots had 56.5 total larvae
with no differences between products. Overall, the product Hero had the lowest number of
total larvae, in comparison to Belay (t66 = 3.31, P = 0.0178) and the control (t64.85 = 3.73, P
= 0.0059).
On July 16, no differences occurred between any timings within products or
between products. Hero showed 34.4, 67.4, and 41.8 for first, second, and third application
timing, respectively. Dimethoate LV-4 had 39.6, 33.0, and 32.5 total larvae for first,
second, and third application timing, respectively. Belay showed 44.3, 76.7, and 65.6 total
larvae for first, second, and third application timing, respectively. Plots applied with
Thimet 20G at planting had 30.8 total larvae, and untreated plots (control) showed 49.2
total larvae from six plants.

White Larvae Count
The products nested within timing (F6,59.46 = 1.69, P = 0.1400), evaluation date
(F1,59.06= 0.10, P = 0.7582), the interactions of evaluation date by product (F4,58.55= 1.66, P
= 0.1723), and evaluation date by product with nested timing (F6,59.43= 0.64, P= 0.6984)
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did not have an effect on the number of white larvae from six plants (Table 2.6). However,
the effect of products (F4,58.57 = 2.41, P = 0.0592) approached significance.
On June 23, no differences in the number of white larvae from six plants was
observed between application timings for any of the products. However, plots applied with
Dimethoate LV-4 showed a numerical increase in white larvae with later application
timings: 4.0, 4.5, and 10.6 for first, second, and third application timing, respectively. No
numerical patterns were observed for Hero (0.9, 0.7, and 1.8) or Belay (17.7, 2.7, and 3.1)
for first, second, and third application timing, respectively. Overall, Hero showed a lower
number of white larvae (2.0) from six plants compared to untreated plots (control) (23.0
white larvae, t51.79 = 3.56, P = 0.0065)
On July 16, no differences in the number of white larvae from six plants were
observed between application timings within products or between products. However, a
numerical increase on the number of white larvae from six plants with latter application
timings was observed for Hero for the first (2.0), second (5.6), and third (6.5) application
timing, respectively. A numerical pattern was not observed for Dimethoate LV-4 (2.4, 5.7,
and 4.7) or Belay (9.9, 10.8, 4.2) for first, second, and third application timing,
respectively. Although there were no significant differences, Hero (4.2) was the only
product with a numerically lower number of white larvae per six plants in comparison to
untreated (4.7).

Pigmented Larvae Count
The products (F4,61.65 = 3.31, P = 0.0160) and products nested with timing (F6,62.71
= 2.66, P = 0.0229), had an effect on the number of pigmented larvae from six plants. In
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addition, evaluation date by product with nested timing was approaching significance
(F6,62.71 = 2.23, P= 0.0520). However, evaluation date (F1,62= 0.21, P = 0.6509), the
interactions of evaluation date by product (F4,61.65= 1.81, P = 0.1384) did not have an effect
on the number of pigmented larvae from six plants (Table 2.6).
On June 23, differences in pigmented larvae only occurred for Hero. The number
of pigmented larvae for Hero at second (21.3; t66= 3.88, P = 0.0007) and third (15.1;
t66=3.33, P = 0.0041) were greater than first application timing. Overall, the product Hero
had the lowest number of pigmented larvae (8.1) which differed from untreated plots
(control) (35.6; t63.3= 3.25, P = 0.0156), and Belay (24.9; t66= 3.33, P = 0.0122). Dimethoate
LV-4 showed a numerical increase in the number of pigmented larvae from six plants (8.1,
20.1, 25.5) for first, second, and third application timing, respectively. In contrast, Belay
showed a numerical decrease in the number of pigmented larvae on latter application
timings: 31.5, 23.8, 20.6 for first, second, and third application timing, respectively.
On July 16, no differences in the number of pigmented larvae occurred between
application timings within any of the products or between products. A numerical trend was
not observed for the application timings on any of the products: Hero (14.8, 28.8, 16.7),
Dimethoate LV-4 (17.8, 12.3, 12.8), or Belay (14.9, 31.1, 20.6), for first, second, and third
application timing, respectively. Although no significant differences amongst products
were observed on July 16, the product Thimet 20G had the lowest number of pigmented
larvae (12.8), followed by Dimethoate LV-4 (14.1), Hero (19.2), untreated plots (21.1),
and Belay (23.4).
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White Larvae: Proportion of Total
The evaluation date (F1,32= 27.78, P < 0.0001), the interactions of evaluation date
by product (F4,32= 7.47, P = 0.0002), and evaluation date by product with nested timing
(F6,32 = 5.04, P= 0.0010) had an effect on the proportion of white larvae (Table 2.6).
However, the products (F4,30 = 0.47, P = 0.7538) and products nested with timing (F6,30 =
1.07, P = 0.4030) did not have an effect on the proportion of white larvae on field plants.
Although no significant differences occurred, numerical trends over application
timings for the June 23 evaluation were observed for Hero (0.53, 0.12, 0.10) and Belay
(0.26, 0.14, 0.08) for the first, second and third applications, respectively, when evaluated
on June 23. Plots applied with Thimet 20G had a proportion of 0.21 white larvae, and
untreated plots (control) had a proportion of 0.35 white larvae.
In contrast, the July 16th evaluation had an opposite numerical trend for Hero with
the proportion of white larvae seemed to increase over application timings with Hero (0.05,
0.07, and 0.19 for first, second, and third application timing). Belay had a similar numerical
trend to the previous evaluation with the proportions of white larvae of 0.25, 0.14, and
0.07, for first, second, and third application timing, respectively. Plots applied with Thimet
20G and untreated plots (control) had both a proportion of white larvae of 0.13 with no
differences between treatments.

Pigmented Larvae: Proportion of Total
The products (F4,30 = 1.97, P = 0.1251) did not have an effect on the proportion of
pigmented larvae. Products nested with timing (F6,30 = 3.12, P = 0.0169), evaluation date
(F1,32= 184.85, P < 0.0001), the interactions of evaluation date by product (F4,32= 4.49, P =
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0.0054), and evaluation date by product with nested timing (F6,32 = 4.51, P= 0.0020) had
an effect on the proportion of pigmented larvae (Table 2.6).
On June 23, the proportion of pigmented larvae with Hero increased with later
application timings with 0.62, 0.76, 0.85 for first, second, and third application timing,
respectively; however, no differences between application timings occurred. Plots applied
with Dimethoate LV-4 had proportions of pigmented larvae of 0.58, 0.83, and 0.72 for first,
second, and third application timing, respectively, with second application timing being
greater than first (t32= 3.07, P = 0.0118). Plots applied with Belay showed 0.69, 0.89, and
0.86 for first, second, and third application timing, respectively, with second (t32= 3.55, P
= 0.0034) and third (t32= 2.90, P = 0.0177) being greater than first application timing. A
proportion of pigmented larvae of 0.74 was found for Thimet 20G at planting and the
untreated had a proportion of pigmented larvae of 0.65. Overall, the product Belay had the
greatest proportion of pigmented larvae on June 23 (0.83), compared to Dimethoate LV-4
(0.72, t32= 2.89, P = 0.0495) and untreated plots (0.65, t32= 4.16, p = 0.0019).
On July 16, no differences occurred between any timings within products or
between products. As a result, a description of the means is reported. Hero showed 0.45,
0.48, and 0.41 for first, second, and third application timing, respectively. Dimethoate LV4 had 0.48, 0.38, and 0.40 for first, second, and third application timing, respectively. Belay
showed an increase on the proportion of pigmented larvae on later application timings with
0.36, 0.41, and 0.45 for first, second, and third application timing. Plots applied with
Thimet 20G and untreated plots had 0.42 and 0.44, respectively.
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2021 Plant response
Plant Injury
The main effect product (F4,30 = 0.99, P = 0.4277) did not show a significant effect
on the early AUSPC but it approached significance for the mid-season AUSPC (F4,30 =
2.67, P = 0.0513), and it was significant for the final AUSPC (F4,30 =4.35, P = 0.0068). The
interaction of product by evaluation time was not significant for early (F6,30= 1.18, P =
0.3442), mid-season (F6,30 = 0.54, P = 0.7760) or late (F6,30= 0.50, P = 0.8039) (Table 2.7).
No differences in early AUSPC values occurred between application timings within
products or between product. Dimethoate LV-4 had an average early AUSPC of 37.8, with
an increasing trend of 16.4, 44.5, and 52.3 for first, second and third application timing.
Untreated plots had a greater final AUSPC (2063.3) compared to Hero (1641.4; t30= 3.11,
P = 0.0308), and Thimet 20G (1395.3; t30= 3.62, P = 0.0088).

Grain Yield
The products (F4,30= 1.13, P = 0.3597) and the interaction of product by application
time (F6,30= 1.61, P = 0.1784) did not have an impact on yield (Table 2.8). On average,
plots treated with Hero at second application timing showed the greatest numerical yield
(3779.3 kg/ha), followed by Belay at first application timing (3778.9 kg/ha),and Hero at
third application timing (3563.1 kg/ha) (Fig. 2.25). The control and Thimet 20G had yields
of 3256.2 kg/ha, and 3232.6, respectively (Fig. 2.25). Hero at first application timing
yielded 3186.6 kg/ha, followed by Belay at second application timing (3179.3 kg/ha) (Fig.
2.25). All applications with Dimethoate LV-4 ranked among the lowest four yields, with
3104.7, 3061.8, and 3046.3 kg/ha for second, first and third application timings,
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respectively (Fig. 2.25). Lastly, the lowest numerical yield was observed on Belay at third
application timing (2852.1 kg/ha) (Fig. 2.25). Despite the wide numerical variation on final
yields, no differences between treatments were observed.
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Discussion
This study is the first to evaluate insecticide application timings as a strategy to
control R. maxima in the field. Insecticide trials for the control of R. maxima have been
evaluated using foliar insecticides in Iowa (Hodgson and Helton 2021), and a granular
insecticide applied at planting in Nebraska (McMechan 2021). However, the effect of
application timings was not considered on these studies.

In this study, R. maxima emergence was monitored in order to time insecticide
application based on first adult activity (overwintering generation) from emergence cages.
Insecticide applications to control related species such as R. theobaldi are suggested to
target the first generation at the peak of adult emergence (Koleva and Tsolova 2021).
Similarly, the organophosphate, chlorpyrifos is applied in the United Kingdom to control
the first generation of R. theobaldi larvae (Hall et al. 2009). Applications for the control of
another related species, Sitodiplosis mossellana, also targeted the first adult activity,
starting with their arrival to wheat fields and the beginning of oviposition (Kurppa and
Husberg 1989). Monitoring the activity of midges seems to be a crucial factor for control.
Kurppa and Husberg (1989) stated that applications to control S. mossellana should start
immediately after midges appear; applications delayed by one day could result in
unsuccessful control of the pest.

Pressure from R. maxima occurred in both years of the study which was evident by
the presence of larvae and significant plant injury occurring across the experiment. The
efficacy of insecticides varied between the two years of the study with no treatment
showing a consistent control of R. maxima. Most of the differences in infestation and larvae
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count occurred with the first evaluation in late-June, at 15-17 days after overwintering
emergence was first detected. Such differences were likely due to the residual effect of the
applied insecticides. Such differences were not found in the second evaluation, 38- 40 days
after overwintering emergence was first detected.

Dimethoate LV-4 applied 10 days after first adult detection showed the lowest total
number of larvae and the lowest number and proportion of pigmented larvae when
compared to applications at first emergence and five days later during the first evaluation
on June 30, 2020. In addition, this treatment had the lowest plant injury at the end of July
(mid-season AUSPC) compared to the at first emergence and five days post-application
timings in the same year. Despite the positive effect this treatment had early in the season,
there was no significant increase in yield. In addition, this specific treatment did not show
any effect in 2021; however, the average effect of the three timings with Dimethoate LV4 showed the lowest proportion of pigmented larvae compared to the other application
products.
Despite the statistical differences that Dimethoate LV-4 showed over the two years,
Dimethoate LV-4, along with Belay had a numerically greater final AUSPC compared to
untreated plots in 2020. Such differences were reported by Dalman and Malkki (1986),
with increase on R. theobaldi injury on raspberry plots with application of
organophosphates azinphos-methyl and trichlorfon. In their study, the number of second
generation of larvae increased with the insecticide application, and they suggested that this
might have been caused by the impact of the insecticide on natural enemies of R. theobaldi.
Natural enemies of R. maxima are yet unknown nor were accounted for in this study;
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therefore, the effect of Dimethoate LV-4 and Belay on non-target species could not be
established for this study.
Hero applied at first adult emergence had the lowest number and proportion of
white larvae compared to the other two later timings during the second evaluation in 2020.
In contrast, Hero at five days after first adult detection had the lowest number and
proportion of pigmented larvae compared to the other two application timings. Despite
these differences, the total number of larvae did not differ between the Hero treatment
timings. In 2021, during the first evaluation on June 23, Hero applied at emergence stood
out once more, showing the lowest total number of larvae and lowest pigmented larvae
compared to the other two application timings. Hero continued to show an impact on R.
maxima on July 16, with a lower total number of larvae and pigmented larvae than Belay
and untreated. In addition, Hero along with Thimet 20G had a lower final AUSPC
compared to untreated. In addition, no differences in the proportion of infestation occurred
in 2020 or 2021.
No differences in yield occurred in either year, with yields ranging from 1723 to
2592 kg/ha in 2020 and from 2852 to 3779 kg/ha in 2021. Dalman and Malkki (1986)
reported no yield difference on raspberry plots applied with the organophosphates
azinphos-methyl and trichlorfon to control R. theobaldi in Finland. In contrast, in 2012 and
2013, seven pyrethroids (including zeta-cypermethrin), a combination of pyrethroid and
organophosphate, and the organophosphate thiacloprid were evaluated for the control of
orange wheat blossom midge, S. mossellana (Chavalle et al. 2014). All of the insecticides
led to a yield increase for the susceptible and resistant cultivars in 2013, but only lambdacyhalothrin, cypermethrin, and chlorpyrifos + cypermethrin increased yields in 2012.
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Overall, the pyrethroid, Hero seemed to have the most efficacy against R. maxima
in both year of the study, however, no significant differences in yield occurred. Pyrethroids
have been proved to cause mortality of other midges. El-Wakeil et al. (2012) studied the
impact of Karate (lambda cyhalothrin) at 0.75 L/ha on wheat blossom midges and found
that Karate decreased the number of orange and yellow larvae on water traps and sticky
traps compared to the control by causing up to 72.8% larval mortality. Unfortunately, the
yield was not evaluated. Six pyrethroids, including bifenthrin and cypermethrin were found
to be up to 85% effective in reducing oviposition of orange wheat blossom midges with an
increase yields up to 23% compared to untreated plots (Kurppa and Husberg 1989).
Pyrethroids have been evaluated in Iowa for the control of R. maxima: Asana XL
(esfenvalarate) alone and combined with the neonicotinoid Belay, or the insect growth
regulator Knack (pyriproxyfen) (Hodgson and Helton 2021). No larval counts were taken
in that study. In addition, there was not an indication of significant pressure of R. maxima
in the study, making it difficult to draw conclusions on the efficacy of the products.
The organophosphate Thimet 20G was originally added for the insecticide timing
study in 2021, after McMechan (2021) found that Thimet 20G at 9.0 oz/1000ft-row
decreased the average R. maxima larvae count and Thimet 20G at 7.32, 9.15 and 10.98
kg/ha increased soybean yields on plots injured by R. maxima. In the present study, Thimet
20G applied at planting at 10.98 kg/ha to control R. maxima did not seem to have a
significant impact on infestation, larvae counts and yield in the present study. However,
Thimet 20G showed the lowest plant injury compared to other treatments.
This insecticide timing study to control R. maxima suggests that no single
insecticide application can provide sufficient control for this pest in the field. The long
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period of R. maxima overwintering emergence of up to 22 days in this study complicates
the control of R. maxima, as midges are continuously emerging from a source outside of
the field and infesting plants for a longer period than the residual effect of insecticides.
Similarly, R. theobaldi has also shown prolonged overwintering emergence (Nilsson
2008). Although first and second generations were hard to distinguish, the data suggest that
the first generation of adults could have lasted up to a month. Another factor that could
have limited control of R. maxima is that eggs and larvae are located in stems near the base
of the soybean plant. In addition, feeding occurs inside the stem; suggesting the need for
insecticides to reach the interior of the stem in order to control the pest.
Other management strategies should be explored to develop a successful
management program against R. maxima. Research on the management of its related
species, R. theobaldi mainly focuses on cultural strategies and the use of biological
products (Dalman and Malkki 1986; Koleva and Tsolova 2021; Mohamedova 2017;
Shternshis et al. 2002); such strategies could possibly complement the control of R.
maxima. Future testing could also explore repeated insecticide applications; however,
adverse environmental effects should be considered. The repeated spraying of pyrethroids
to control S. mossellana in wheat has proven to increase yield considerably (Kurppa and
Husberg 1989); however, this could be due to the effect of insecticides on other pests
present in the area, rather than a direct effect on S. mossellana.
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Tables
Table 2.1. Analysis of variance type III test for fixed effects on infestation 2020
(Products = Hero, Dimethoate LV-4, Belay, and Control; Application timing: 0, 5, and 10
days after overwintering adult emergence; Evaluation date: June 30 and July 23).
Effect
Products
Products*application timing
Evaluation date
Evaluation date*products
Evaluation date*products(application timing)

Num DF
3
6
1
3
6

Den DF F Value
20.32
0.35
19.65
0.48
20.54 138.37
20.51
0.36
19.87
0.43

Pr > F
0.7915
0.8162
<0.0001
0.7821
0.8532
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Table 2.2. Analysis of variance type III test for fixed effects on larvae counts 2020
(Products = Hero, Dimethoate LV-4, Belay, and Control; Application timing: 0, 5, and 10
days after overwintering adult emergence; Evaluation date: June 30 and July 23).

Total count
Effect
Num DF Den DF
Products
3
18.15
Products*application timing
6
17.94
Evaluation date
1
20.68
Evaluation date*products
3
20.67
Evaluation date*products(application timing)
6
20.39
White larvae (count)
Effect
Num DF Den DF
Products
3
18
Products*application timing
6
18
Evaluation date
1
18
Evaluation date*products
3
18
Evaluation date*products(application timing)
5
18
Pigmented larvae (count)
Effect
Num DF Den DF
Products
3
18
Products*application timing
6
18
Evaluation date
1
18
Evaluation date*products
3
18
Evaluation date*products(application timing)
5
18
White larvae (proportion of total)
Effect
Num DF Den DF
Products
3
18
Products*application timing
6
18
Evaluation date
1
18
Evaluation date*products
3
18
Evaluation date*products(application timing)
5
18
Pigmented larvae (proportion of total)
Effect
Num DF Den DF
Products
3
18
Products*application timing
6
18
Evaluation date
1
20
Evaluation date*products
3
20
Evaluation date*products(application timing)
6
20

F Value
0.29
2.30
121.78
0.92
1.24

Pr > F
0.8353
0.0800
<0.0001
0.4482
0.3291

F Value
0.53
1.29
126.31
0.59
0.77

Pr > F
0.6654
0.3114
<0.0001
0.6319
0.5829

F Value
0.53
1.29
126.31
0.59
0.77

Pr > F
0.6654
0.3114
<0.0001
0.6319
0.5829

F Value
0.98
1.64
85.20
3.14
3.06

Pr > F
0.4240
0.1948
<0.0001
0.0508
0.0358

F Value
0.93
1.87
9.78
2.91
2.57

Pr > F
0.4456
0.1408
0.0053
0.0596
0.0518
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Table 2.3. Analysis of variance type III test for fixed effects on plant injury 2020
(Products = Hero, Dimethoate LV-4, Belay, and Control; Application timing: 0, 5, and 10
days after overwintering adult emergence; Evaluation time: early, mid-season, late).

Effect
Product
Product * application timing
Product
Product * application timing
Product
Product * application timing

Early AUSPC
Num DF
Den DF
3
18
6
18
Mid-season AUSPC
3
18
6
18
Final AUSPC
3
18
6
18

F Value
0.88
0.97

Pr > F
0.4690
0.4752

1.1
1.71

0.3748
0.1766

1.38
1.94

0.2818
0.1292

Table 2.4. Analysis of variance type III test for fixed effects on yield 2020 (Products =
Hero, Dimethoate LV-4, Belay, and Control; Application timing: 0, 5, and 10 days after
overwintering adult emergence).

Effect
Product
Product*application timing

Num DF
3
6

Den DF
18
18

F Value
0.35
0.59

Pr > F
0.7914
0.731

Table 2.5. Analysis of variance type III test for fixed effects on infestation 2021
(Products = Hero, Dimethoate LV-4, Belay, Thimet 20G, and Control; Application
timing: 0, 5, and 10 days after overwintering adult emergence; Evaluation date: June 23
and July 16).

Effect
Product
Product*application timing
Evaluation date
Evaluation date*product
Evaluation date*product(application timing)

Num DF Den DF F Value
4
28.75
4.02
6
30.57
1.15
1
31.98
3.24
4
31.85
0.76
6
33.11
0.67

Pr > F
0.0104
0.3563
0.0811
0.5595
0.6781
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Table 2.6. Analysis of variance type III test for fixed effects on larvae counts 2021
(Products = Hero, Dimethoate LV-4, Belay, Thimet 20G and Control; Application
timing: 0, 5, and 10 days after overwintering adult emergence; Evaluation date: June 23
and July 16).
Total count
Effect
Num DF
Den DF
F Value
Pr > F
Products
4
62.85
3.90
0.0068
Products*application timing
6
63.92
2.53
0.0294
Evaluation date
1
63.02
14.26
0.0004
Evaluation date*products
4
62.85
2.18
0.0814
Evaluation date*products(application timing)
6
63.92
1.84
0.1048
White larvae (count)
Effect
Num DF
Den DF
F Value
Pr > F
Products
4
58.57
2.41
0.0592
Products*application timing
6
59.46
1.69
0.1400
Evaluation date
1
59.06
0.10
0.7582
Evaluation date*products
4
58.55
1.66
0.1723
Evaluation date*products(application timing)
6
59.43
0.64
0.6984
Pigmented larvae (count)
Effect
Num DF
Den DF
F Value
Pr > F
Products
4
61.65
3.31
0.0160
Products*application timing
6
62.71
2.66
0.0229
Evaluation date
1
62
0.21
0.6509
Evaluation date*products
4
61.65
1.81
0.1384
Evaluation date*products(application timing)
6
62.71
2.23
0.0520
White larvae (proportion of total)
Effect
Num DF
Den DF
F Value
Pr > F
Products
4
30
0.47
0.7538
Products*application timing
6
30
1.07
0.4030
Evaluation date
1
32
27.78
<0.0001
Evaluation date*products
4
32
7.47
0.0002
Evaluation date*products(application timing)
6
32
5.04
0.0010
Pigmented larvae (proportion of total)
Effect
Num DF
Den DF
F Value
Pr > F
Products
4
30
1.97
0.1251
Products*application timing
6
30
3.12
0.0169
Evaluation date
1
32
184.85
<0.0001
Evaluation date*products
4
32
4.49
0.0054
Evaluation date*products(application timing)
6
32
4.51
0.0020
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Table 2.7. Analysis of variance type III test for fixed effects on Plant Injury 2021
(Products = Hero, Dimethoate LV-4, Belay, Thimet 20G, and Control; Application
timing: 0, 5, and 10 days after overwintering adult emergence; Evaluation time: early,
mid-season, late)

Effect
Evaluation time
Products
Evaluation time
Products
Evaluation time
Products

Early AUSPC
Num DF Den DF F Value
4
30
0.99
6
30
1.18
Mid-season AUSPC
4
30
2.67
6
30
0.54
Final AUSPC
4
30
4.35
6
30
0.50

Pr > F
0.4277
0.3442
0.0513
0.7760
0.0068
0.8039

Table 2.4. Analysis of variance type III test for fixed effects on yield 2021. (Products =
Hero, Dimethoate LV-4, Belay, Thimet 20G, and Control; Application timing: 0, 5, and
10 days after overwintering adult emergence)

Effect
Product
Product*application timing

Num DF
4
6

Den DF
30
30

F Value
1.13
1.61

Pr > F
0.3597
0.1784
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Figures
Figure 2.1. Average temperature for the months when the study was conducted (June,
July, August and September). Comparisons are made for the temperature registered in
2020 and the normal temperature in the last 30 years in Saunders County, 2020.
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Figure 2.2. Total precipitation for the months when the study was conducted (June, July,
August and September). Comparisons are made for the precipitation registered in 2020
and the normal precipitation in the last 30Precipitation
years in Saunders County, 2020.
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Figure 2.3. Average temperature for the months when the study was conducted (June,
July, August and September). Comparisons are made for the temperature registered in
2021 and the normal temperature in the last 30 years in Saunders County, 2021.
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Figure 2.4. Total precipitation for the months when the study was conducted (June, July,
August and September). Comparisons are made for the precipitation registered in 2021
and the normal precipitation in the last 30 years in Saunders County, 2021.
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Figure 2.5. Resseliella maxima’s adult emergence over time. Saunders County, 2020.
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Figure 2.6. Resseliella maxima’s adult emergence over time. Saunders County, 2021.
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Figure 2.7. Proportion of plants infested with R. maxima in plots treated with the
pyrethroid Hero. Saunders County, 2020. The letters “ns” indicate no significance
between timing on applications made with the same product. The letters “NS” indicate no
significance between products.
Infestation: Hero
2.50

Infested plants (Logit)

2.00
1.50

Hero 0d
Hero 5d
Hero 10d
Untreated

NS
ns

ns

ns

NS

Proportion
of infested
plants
0.90

0.80

1.00
0.50
0.00

NS
ns

ns

0.60
ns

-0.50

0.40

NS

-1.00

0.20

-1.50
-2.00

First evaluation (June 30)

Second evaluation (July 23)

Figure 2.8. Proportion of plants infested with R. maxima in plots treated with the
organophosphate Dimethoate LV-4. Saunders County, 2020. The letters “ns” indicate no
significance between timing on applications made with the same product. The letters
“NS” indicate no significance between products.
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Figure 2.9. Proportion of plants infested with R. maxima in plots treated with the
neonicotinoid Belay. Saunders County, 2020. The letters “ns” indicate no significance
between timing on applications made with the same product. The letters “NS” indicate no
significance between products.
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Figure 2.10. Average number of total R. maxima larvae in plots treated with the
pyrethroid Hero. Saunders County, 2020. The letters “ns” indicate no significance
between timing on applications made with the same product. The letters “NS” indicate no
significance between products.
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Figure 2.11. Average number of total R. maxima larvae in plots treated with the
organophosphate Dimethoate LV-4. Saunders County, 2020. The letters “ns” indicate no
significance between timing on applications made with the same product. The letters
“NS” indicate no significance between products. Different letters indicate significant
differences.
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Figure 2.12. Average number of total R. maxima larvae in plots treated with the
neonicotinoid Belay. Saunders County, 2020. The letters “ns” indicate no significance
between timing on applications made with the same product. The letters “NS” indicate no
significance between products.
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Figure 2.13. Mid-season plant injury per product in 2020. The letters “NS” indicate no
significance between products.
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Figure 2.14. Yield per treatment in 2020. Different letters indicate differences between
products. The letters “ns” means no significant differences were found.
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Figure 2.15. Proportion of plants infested with R. maxima in plots treated with the
pyrethroid Hero. Saunders County, 2021. Different uppercase letters represent differences
between products within a certain evaluation timing. The letters “ns” indicate no
significance between timing on applications made with the same product.
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Figure 2.16. Proportion of symptomatic and proportion of infested plants infested with
R. maxima in plots treated with the pyrethroid Hero. Saunders County, 2021.
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Figure 2.17. Proportion of plants infested with R. maxima in plots treated with the
organophosphate Dimethoate LV-4. Saunders County, 2021. The letters “ns” indicate no
significance between timing on applications made with the same product. The letters
“NS” indicate no significance between products.
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Figure 2.18. Proportion of plants infested with R. maxima in plots treated with the
neonicotinoid Belay. Saunders County, 2021. The letters “ns” indicate no significance
between timing on applications made with the same product. The letters “NS” indicate no
significance between products.
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Figure 2.19. Proportion of symptomatic and proportion of infested plants infested with
R. maxima in plots treated with the organophosphate Dimethoate LV-4 Saunders County,
2021.
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Figure 2.20. Proportion of symptomatic and proportion of infested plants infested with
R. maxima in plots treated with the neonicotinoid Belay. Saunders County, 2021.
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Figure 2.21. Average number of total R. maxima larvae in plots treated with the
pyrethroid Hero. Saunders County, 2021. Different uppercase letters represent differences
between products within a certain evaluation timing. The letters “ns” indicate no
significance between timing on applications made with the same product.
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Figure 2.22. Average number of total R. maxima larvae in plots treated with the
organophosphate Dimethoate LV-4. Saunders County, 2021. The letters “ns” indicate no
significance between timing on applications made with the same product. The letters
“NS” indicate no significance between products.
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Figure 2.23. Average number of total R. maxima larvae in plots treated with the
neonicotinoid Belay. Saunders County, 2021. The letters “ns” indicate no significance
between timing on applications made with the same product. The letters “NS” indicate no
significance between products.
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Figure 2.24. Final plant injury per product in 2021. Different letters indicate differences
between treatments. Letters of the same colors indicate that a comparison was done
between them.
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Figure 2.25. Yield per treatment in 2021. Different letters indicate differences between
products. The letters “ns” means no significant differences were found.
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CHAPTER 3

SOYBEAN GALL MIDGE (RESSELIELLA MAXIMA,
DIPTERA:CECIDOMYIIDAE): SEASONAL LARVAL
ABUNDANCE IN SOYBEAN
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Introduction
Soybean gall midge (Resseliella maxima Gagné) is a dipteran midge that belongs
to the family Cecidomyiidae. This insect was described as a new species in the genus
Resseliella in 2018 (Gagné et al. 2019) and it has been found feeding on soybean in five
Midwest states in the United States: Nebraska, Iowa, South Dakota, Minnesota, and
Missouri (McMechan et al. 2021).
Females of R. maxima lay eggs in fissures at the base of soybean stems. After the
eggs hatch, larvae feed under the epidermis, completing three instars before dropping to
the soil to form a silken cocoon to pupate. Adults emerge from the soil and seek out new
plants, except for the later in the season, when the third instar larvae in silken cocoons
remain in the soil to overwinter, pupate and emerge as adults the following year during the
late spring/ early summer.
Three R. maxima periods of emergence have been observed, with each generation
lasting 28-32 days based on field observations (McMechan 2021). The first period of adult
emergence is known as the overwintering generation. Overwintering adults emerge from
fields that were planted to soybean the previous year. Upon emergence, adults seek out
soybean in adjacent fields. After infesting the current year’s soybean, adults emerging from
this year’s soybean are categorized as the first and second generation, respectively.
Larvae are the damaging stage of R. maxima and begin feeding on the phloem of
soybean plants and later move towards the xylem (Gagné et al. 2019). The three instars
feed on the soybean stem tissues, disrupting the movement of water and nutrients
(McMechan 2021).
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Injured soybean plants show dark discolorations at the soil surface level that extend
up to the unifoliate node (McMechan et al. 2021). Heavily infested areas of the soybean
stem can be deformed and necrotic (Potter 2019). In addition, galls may be formed, which
appears as swelling, discoloration, or outgrowth of the stem (McMechan 2021).
Soybean plant injury from R. maxima is most often observed at the edge of the field.
McMechan et al. (2021) stated that 100% soybean yield losses had been reported up to 30
m from the edge of the field. Infestation is usually observed in plants at V3 or later growth
stages because soybean plants prior to the V2 stage generally lack fissures or cracks that
appear to be required for R. maxima oviposition (McMechan et al. 2021).
Monitoring is an important component of a successful pest management program
(Roubos and Liburd 2010). Monitoring the larval population of R. maxima would provide
information on the population fluctuation, along with a general understanding of its impact
on plant injury. Monitoring the seasonal abundance of larvae has been used in related gall
midge pests such as Obolodiplosis robiniae and Thecodiplosis japonensis to gain important
biological information (Duso et al. 2011; Ko 1969). Such information is necessary for the
development of pest management programs.
Detailed information about the biology of R. maxima is still unknown due to its
recent discovery. Field studies are crucial to better understand R. maxima, provide insights
into its biology and ecology, and develop management strategies. In this context, a field
study was conducted to generate observations on the seasonal abundance of R. maxima
larvae in soybean plants in the field and understand the infested soybean plants
symptomology over the entire season from first larval infestation to soybean maturity.
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Materials and Methods
Monitoring of R. maxima adults
Adult R. maxima activity periods were monitored using corn rootworm (Diabrotica
spp.) emergence cages (Fig. 3.1) placed in soybean fields that were known to have had R.
maxima infestation in the past. Adult monitoring occurred throughout the entire soybean
growing season to document the emergence of overwintering, first and second generation.
For this study, emergence cages were placed at both field sites in Lancaster and
Saunders County in eastern Nebraska. A total of 12 cages were placed in Saunders County
for both years. In Lancaster County, 12 and 66 cages were placed for 2020 and 2021,
respectively. Cages were checked daily until early July when overwintering generation was
complete. After that, cages were checked every other day until mid- to late- September
when adults were no longer found on emergence cages.

Environmental conditions
Temperature and precipitation data were obtained through the High Plains Regional
Climate Center (HPRCC). The climate stations Lincoln 1500 N 45TH, NE and MEMPHIS
5N, NE were used to collect the climate data for Lancaster and Saunders County,
respectively. Temperature and precipitation monthly averages were obtained through
HPRCC County level data. These monthly averages are created based on daily gridded data
between 1991 and 2020. Values are generated using ACIS gridded data. The averages
created for the counties: Lancaster and Saunders County were used for each location,
respectively.
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Developmental stages of soybean
Development stages of soybean in Lancaster and Saunders County were obtained
from Soy Water© 2017 Agronomy and Horticulture, University of Nebraska-Lincoln.
The maturity group and planting date of the soybeans being studied were used to obtain
the developmental stages of the crop in each location.

Stem collection for R. maxima larval counting
Lancaster and Saunders County 2020: In 2020, the sampling area was limited to
the first 20 m from the edge of the field. Ten infested plants were randomly collected every
three days to count the number of larvae in each stem. Wilted and dead plants were not
collected as this would likely affect the number of larvae present in the stem. For each
sample site and date, infested soybean plants by R. maxima were pulled from the soil and
roots and leaves were cut and discarded (Fig. 3.2). The stems were placed individually in
Celltreat Brand 50 mL conical centrifuge tubes to prevent the larvae from escaping. Plants
were dissected under a stereoscope, and larvae were counted per plant and separated into
two categories: white or translucent larvae and pigmented larvae. Separating R. maxima
larvae into its three instars requires taxonomic expertise and demands more time. White
larvae are expected to be in their first instar, whereas pigmented larvae could include
second and third instar. Stem collection started as soon as adults were detected in field
cages in an adjacent field that was soybean the previous year and ended a few days before
the soybean harvest or when the larval presence was absent from all samples over two
sampling dates.
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In 2020, collections occurred from two different sites within the Lancaster County
location. These two sites are defined as “commercial” and “noncommercial”. The
commercial site was planted April 26, 2020 with soybean variety P36A18X with the
following pesticides applied: Authority® XL (Sulfentrazone + Chlorimuron Ethyl) with
Roundup® Glyphosate, N-(phosphonomethyl) glycine) at pre-emergence, Engenia®
(dicamba: N,N-Bis-(3-aminopropyl) methylamine salt of 3,6-dicholoro-o-anisic acid) and
Roundup® at post emergence. Additionally, the fungicide Quilt® (Azoxystrobin +
Propiconazole) and the insecticide Leverage® (Imidacloprid + ß-cyfluthrin) were applied
late July at R3/R4 soybean developmental stages of soybean. The noncommercial area,
located in the same field was planted in May 2, 2020 with soybean variety P28A42X at
355,680 seeds per hectare. Two herbicide applications were made in April, before planting.
The first application included Roundup Powermax® (Glyphosate, N-(phosphonomethyl)
glycine) and 2,4D LV6 (2-ethylhexyl ester of 2,4-dichlorophenoxyacetic acid). The second
application included Roundup® and Warrant® (Acetochlor). Lastly, an application with
Roundup® and Flexstar® (5-[2-chloro-4-(trifluoromethyl)phenoxy]-N-(methylsulfonyl)2-nitrobenzamide) occurred at VE-V1 soybean developmental stages.
In Saunders County, the field was planted in May 3, 2020 at 363,090 seeds per
hectare with soybean variety P28A42X. In 2020, herbicide applications occurred between
late May to middle June. The first herbicide application included Roundup® at a rate of
2.3 L/ha and Warrant at 3 L/ha. The second application included the same rate of
Roundup® and AMS at 8.5 lb/100g.
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Lancaster and Saunders County 2021: In 2021, the methodology was optimized
with three plots (9 by 3 meters) arranged in the first four rows along the edge of the field.
Three infested plants were randomly collected every three days from each plot. Stem
collections started at the beginning of adult emergence in the field and continued for the
remaining of the season, until larvae were not found for two consecutive collection dates.
The counting and separation of larvae stages was done on the same way as the previous
year.
The Lancaster County site was planted May 7 with soybean variety P28A42X at a
rate of 395,200 seeds/ha and the following pesticide applications: Valor SX (Flumioxazin),
Roundup Powermax® (Glyphosate, N-(phosphonomethyl) glycine) and 2,4D LV6 (2ethylhexyl ester of 2,4-dichlorophenoxyacetic acid) were applied at pre-emergence.
Roundup Powermax® was applied two more times, at VC/V1 and 11 days later at VC/V3.
Select Max (Clethodim) and Warrant (Acetochlor) were also applied at VC/V1.
The Saunders County site was planted on May 5 with soybean variety P28A42X at
395,200 seeds/ha and the following pesticide applications: Valor SX, Roundup
Powermax® and 2,4D LV6 were applied at pre-emergence. Two more applications with
Roundup Powermax® were made in May. Select Max and Warrant were applied twice in
the season, at VC/V1 and VC/R1 stages.
Frequency of infested plants were defined as the proportion of plants that were
confirmed to have R. maxima larvae on the stem. In 2020, the frequency of infested plants
was calculated per site, based on the stems that were being randomly collected in each
location. In 2021, the frequency of infested plants per plot was summed to obtain a total of
frequency of infested plants from the nine plants being collected in each location.
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Statistical analyses
The PROC GLIMMIX procedure in SAS 9.4 was used to analyze total larval count,
white or translucent larvae, and pigmented larvae numbers for each location and year,
separately. This study evaluated the number of larvae in plants over time, indicating the
need for a repeated measure analysis. Poisson distribution was first considered to fit these
data, however, after using the AICC model to compare a Poisson distribution analysis to a
Negative Binomial analysis it was concluded to proceed with a Negative Binomial
distribution. Larval population over time was analyzed from first white and pigmented
larvae detection rather than from first sampling date for both locations. Additionally, the
last six sampling dates were excluded from the analysis for both Lancaster and Saunders
County because of convergence issues due to the high frequency of zeros in the number of
larvae at the end of the season. Tukey’s adjustment was used to control Type I Error and
significant differences are reported at the α= 0.05 level.
In 2021, the analysis was similar to 2020 except that larval count was analyzed as
the sum of larvae from the three plants collected in each of the plots, following a Negative
Binomial distribution. Convergence issues due to the high frequency of zeros in the number
of larvae at the beginning and end of the season were observed. Therefore, the larval
population over time was analyzed from first white and pigmented larvae detection rather
than first sampling date for both locations. Additionally, the last eight sampling dates were
excluded from the analysis in both locations. Tukey’s adjustment was used to control Type
I Error and significant differences are reported at the α= 0.05 level.
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Results
Saunders County Site 2020
Environmental conditions
In Saunders County, the average daily temperature ranged between 3.6°C to
29.4°C (Fig. 3.4) between early June and late September. In June 2020, the average
temperature at the Memphis 5N, NE station in Saunders County was 23.9°C. This
temperature was greater than the 30-year average temperature in June at 22.0°C (Fig.
3.4). In July 2020, the average temperature was 23.4°C, slightly lower than the 30-year
average of 24.1°C. In August and September 2020, the average monthly temperature
was 24.1°C and 20.1°C, respectively. These temperatures were slightly greater than the
30-year average of 22.8°C and 20.1°C for August and September, respectively (Fig.
3.4).
From June 13 to September 18, 2020 the daily precipitation ranged between 0–
24.6 mm (Fig. 3.5). Three precipitation events greater than 25.4 mm (1 inch) of rain
occurred between June 13 to September 30 (Fig. 3.5). Total precipitation for each month
during the study was lower than the 30-year average for the corresponding month (Fig.
3.5). Total precipitation for June was 63.5 with 39.9 in July, 36.1 in August mm and 38.6
mm in September compared to 124.5, 85.9, 102.1, and 75.4 mm for the 30-year average
for each corresponding month, respectively (Fig. 3.5).

Adult emergence monitoring
In 2020, adult emergence at the Saunders County field site was first detected on
June 13, when one adult was collected from the site cages (0.1 adults/cage/day) (Fig. 3.6).
The overwintering adult emergence lasted 26 days with 16 days of activity (Fig. 3.6).
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Resseliella maxima adult capture in June ranged between 0–0.3 adults/cage/day (Fig. 3.6).
Adult activity was not consistent during the 26 days of overwintering emergence, with no
emergence occurring on June 15, 17, 18, 21, 22, 24 – 27, July 7, and July 9. Adult
emergence from current year’s soybean was first detected on June 30 with 0.1
adults/cage/day collected (Fig. 3.6). In July, the number of overwintering adults ranged
from 0 to 0.5 adults/cage/day, with the last overwintering adult detection occurring on July
11 at 0.04 adults/cage/day (Fig. 3.6). Adult emergence was consistent in August, with
adults collected every two days. The greatest number of adults collected in the season
occurred in August 2 with 10.0 adults/cage/day (Fig. 3.6). The adult population started
decreasing after August 12, having emergence less than 1 adult/cage/day for the remaining
of the season. The last adult detection of the season occurred in September 1 when 0.04
adults/cage/day were collected (Fig. 3.6).

Total seasonal larval abundance, larval category, and frequency of infested plants
The analysis of larval category per plant includes sampling dates between June 17
and August 28 (Table 3.1), as these dates had presence of both white and pigmented larvae.
Larval numbers outside this range were not included in the analysis due to their high
frequency of zeros that caused convergence issues. The analysis of total larvae includes
sampling dates from first larvae detection (June 17) until last larvae detection on September
17 (Fig. 3. 7). The analysis of the total number of larvae over time showed an effect from
date (F24,216= 7.32, P < 0.0001) (Table 3.2). The analysis of number of white and pigmented
larvae showed significant differences for date (F24, 441 = 7.96, P < 0.0001), with the July
evaluation having greater numbers of larvae. In addition, the effect category showed that
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there were greater numbers of pigmented larvae compared to white (F1, 441 = 73.97, P <
0.0001). The interaction of category and date (F24,441 =4.72, P < 0.0001) also had an impact
on the numbers of larvae (Table 3.3).
The first detection of larvae occurred on June 17, at 2.6 total larvae per plant with
significantly more white larvae (2.2) compared to pigmented larvae (0.4; t441= - 2.33, P =
0.0201). On June 17, plants were at the beginning flowering (R1) stage (Fig. 3.8) with five
of the ten plants infested (Fig. 3.8). On June 18, 21, and 24 a total of 12.8, 16.6, and 17.0
larvae were found per plant, respectively. All sampled plants were infested (Fig. 3.9), with
categories of larvae on these dates at 7.5, 9.8, 8.5 white and 5.3, 6.8, 9.3 pigmented with
no differences in total or categories within each date (Table 3.1). On June 27, all plants
were infested (Fig. 3.9) and the total of larvae showed its first numerical peak (54.0 larvae
per plant), being greater than the first sampling date (t270= - 6.54, P < 0.0001) (Fig. 3.7) but
not differing from any other date in June. There was significantly more pigmented (51.0)
compared to white larvae (3.0; t441= 5.42, P < 0.0001) (Table 3.1). On June 30, 36.4 larvae
per plant were found with a greater number of pigmented (31.5) compared to white larvae
(4.9; t441= 3.64, P = 0.0003) per plant.
On July 3, all plants were infested with total of 14.0 larvae found per plant. Of the
larvae collected, a greater number were pigmented (11.4) compared to white (2.6) larvae
(Table 3.1; t441= 2.77, P = 0.0059) with plants at the beginning of pod (R3) stage. No
differences in the total number of larvae occurred between June 18 and July 3. The first
larvae decline was observed on July 6 with 3.9 total larvae per plant, being lower than June
27 (t270= 5.84, P< 0.0001) and 30 (t270= 4.95, P= 0.0005) (Fig. 3.7). On July 6, most larvae
were pigmented (3.8) when compared to white larvae (0.1; t441=3.23, P = 0.0013). Only
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eight of the ten plants sampled were infested. On July 9, larval number increased to 19.9
total larvae per plant with 6.0 and 13.9 white and pigmented larvae, respectively (Table
3.1). The proportion of infested plants remained at eight of the ten plants infested (Fig.
3.9). On July 11, all plants were infested (Fig. 3.9) with 17.9 total larvae per plant and the
number of pigmented larvae per plant (16.0) being greater than the number of white larvae
per plant (1.9; t441= 3.91, P = 0.00010). Total larval number numerically increased on July
15 to 28.8 per plant with a greater number of pigmented (24.2) compared to white (4.6;
t441=3.23, P = 0.0013). Plants were at full pod (R4) stage (Fig. 3.8) and all of the plants
sampled were infested (Fig. 3.9). On July 19, all plants were infested (Fig. 3.9) and another
numerical peak of total larvae occurred, with 58.0 per plant, being greater than the previous
dates: June 17 (t270= -6.69, P < 0.0001), and July 6 (t270= -6.00, P < 0.0001). On July 19,
there was a greater number of pigmented larvae (45.7) compared to white (12.3; t441= 2.63,
P = 0.0088). On July 22, all plants remained infested, however, larval number decreased to
41.3 total larvae with no differences in white (26.7) and pigmented (14.6) larvae per plant
(Table 3.1). Larval number continued to decline with soybean at the R5 stage (Fig. 3.8)
with 32.5 total larvae on July 25 with more pigmented (30.3) compared to white (2.2,
t441=4.89, P < 0.0001) larvae. On July 28 and 30, a total of 53.7 and 42.9 larvae per plant
were found. A lower number of pigmented larvae (14.4) were found when compared to
white (39.3, t441= - 2.01, P = 0.0446) on July 28 whereas no differences between white
(18.3) and pigmented (24.6) on June 30. All of the plants sampled were infested on both of
these sampling dates (Fig. 3.9).
No differences in the total number of larvae occurred between July 9 and August
10 with an average of 17.9 or more total larvae per plant were found. However, another
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numerical peak on the total number of larvae occurred on August 3 with 61.8 total larvae
per plant, with no differences in white (26.0) and pigmented (35.8) larvae per plant (t441=
0.65, P = 0.5191) and with all plants infested (Fig 3.9). On August 7, 35.5 larvae per plant
were found with pigmented (28.5), being greater than white (7.0 per plant; t441= 2.77, P =
0.0058). On August 10, 29.5 total larvae per plant occurred, with no differences between
pigmented (21.1) and white (8.4) larvae per plant (Table 3.1). On August 13, another
decline on the number of total larvae occurred, with 3.7 larvae per plant (t270= 4.58, P =
0.0027), with pigmented larvae (3.2 per plant) being greater than white larvae (0.5 per
plant, t441= 2.71, P = 0.0070). Of the 10 plants sampled, 9, 10, and 7 were infested on
August 7, 10, and 13, respectively (Fig 3.9). On August 16, the total number of larvae
increased to 39.6 (t270= -5.24, P = 0.0001), with no differences between white (13.8) and
pigmented (25.8) larvae per plant. All plants were infested on this date. On August 19,
soybean was at full seed (R6) stage with all plants infested at 25.8 total larvae per plant
with 7.1 white and 18.7 pigmented larvae per plant. On August 22, 32.3 larvae were found
with a greater number of pigmented (24.7) compared to white (7.6, t441= 2.33, P = 0.0202)
larvae per plant. A similar number of total larvae were found on August 25 (12.2) and
August 28 (28.9), however, only eight of ten plants were infested on August 25 with no
differences in white (12.2) and pigmented (10.5). In contrast, all ten plants were infested
on August 28 with a greater number of pigmented (26.9) compared to white (2.1; t 441=
4.73, P < 0.0001) larvae per plant.
Larvae were found on soybean for six more sampling dates after August 28. On
August 31, 4.7 total larvae per plant were found (Fig. 3.7), with eight of the then sampled
plants infested. On September 4, a total of 11 total larvae per plant were found (Fig. 3.7),
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with nine of the ten sampled plants infested. Larval number declined to 7.2, 2.5, 0.8, and
0.5 larvae per plant for September 7, 10, 14, and 17, respectively (Fig. 3.7). This
corresponded with a decrease from seven to four with only three of ten plants infested for
the last two sampling dates. No larvae were recovered from plants after the September 17
with plant reaching the R8 stage on September 20.

White/ translucent larvae
White larvae were first detected on June 17 at 2.2 larvae per plant four days after
first adult emergence (Table 3.1). From June 17 to 30, the number of white larvae ranged
from 2.2 to 9.8 larvae per plant (Table 3.1). The number of white larvae increased to 7.5
by June 18, however, no significant differences were found (Table 3.1). On June 21, white
larvae were found at 9.8 larvae per plant, decreasing to 8.5, and 3.0 larvae per plant on June
24 and 27, respectively (Table 3.1). On June 30, 4.9 white larvae per plant were found.
Differences in the number of white larvae between days was only numerical from June 17
to 30 (Table 3.1).
In July, the number of white larvae ranged from 0.1 to 34.3 larvae per plant (Table
3.1). On July 3 and 6 the number of white larvae was 2.6 and 0.1 larvae per plant (Table
3.1). When compared with earlier dates, July 6 (0.1 per plant) was lower than the number
of white larvae collected on June 18 (t441= 3.86, P = 0.0274), June 21 (t441= 4.10, P=
0.0112), and June 24 (t441= 3.97, P = 0.0182). On July 9, the larval number increased to 6.0
but then declined to 1.9 larvae per plant on July 11 (Table 3.1). From July 15 to the 19 and
22, a steady increase was observed with 4.6, 12.3, 26.7 larvae per plant, respectively. The
number of white larvae on July 22 (26.7 per plant) was greater than June 17 (t441= - 4.65,

97

P = 0.0011), June 27 (t441= - 4.16, P = 0.0089), July 3 (t441= 4.40, P = 0.0035), July 6 (t441=
- 5.01, P = 0.0002), and July 11 (t441= - 4.87, P = 0.0004). On July 25 a sharp decrease in
larval number occurred with 2.2 white larvae per plant. This was followed by a significant
increase to 39.3 larvae per plant on July 28 (t441= - 5.39, P < 0.0001). The July 28 (39.3)
was the numerical peak for white larvae during the season and was significantly different
from June 17 (t441= - 5.39, P < 0.0001), June 27 (t441= - 4.91, P = 0.0004), June 30 (t441= 4.07, P = 0.0126), July 3th (t441= -5.14, P < 0.0001), July 6 (t441= - 5.36, P < 0.0001), July
9 (t441= - 3.70, P 0.0467), July 11 (t441= - 5.59, P < 0.0001), July 15 (t441= - 4.18, P =
0.0082), and July 25 (t441= - 5.39, P < 0.0001).
In August, the number of white larvae ranged from 0.5 to 26.0 per plant (Table 3.1).
On August 3, 26.0 white larvae were found, followed by 7.0 and 8.4 larvae per plant on
August 7 and 10, respectively (Table 3.1). On August 13, the number of white larvae
decreased (t441= 4.20, P = 0.0076), but it was followed by an increase on August 16 (13.8
larvae per plant, t441= - 4.97, P = 0.0003). On August 19, 7.1 white larvae per plant were
found, followed by 7.6, 12.2, and 2.1 larvae per plant on August 22, 25, and 28. White
larvae were not found on samples taken on September 1, 4 or 7 (Table 3.1). However, white
larvae were found for the last time on September 10 at 0.3 per plant.

Pigmented larvae
Pigmented larvae were first found on June 17 at 0.4 larvae per plant (Table 3.1). In
June, the number of pigmented larvae per plant ranged from 0.4 to 31.5. No differences on
the number of pigmented larvae per plant were found between June 18, June 21, June 24
and June 30 (Table 3.1). However, the number of pigmented larvae on June 17 (0.4) was
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lower than June 21 (t441= - 3.99, P = 0.0169), June 24 ( t441=. – 4.45, p = 0.0027), June 27
(t441= - 6.92, P < 0.0001), and June 30 (t441= - 6.23, P < 0.0001).
In July, the number of pigmented larvae ranged from 3.8 to 45.7 larvae per plant
(Table 3.1). In most cases, no significant differences on the number of pigmented larvae
were found (Table 3.1) with exception of July 6 (3.8) having lower number of pigmented
larvae than July 19 (45.7, t441= - 4.82, P = 0.0006). Pigmented larvae decreased from 11.4
on July 3 to 3.8 on July 6. On July 9, 13.9 pigmented larvae per plant were found with a
steady from July 11 to 19 with 16.0, 24.2 and 45.7 larvae per plant, respectively(Table 3.1).
Pigmented larvae declined on July 22 with 13.4 followed by an increase to 14.4 and 24.6
larvae per plant on July 28 and 31 , respectively (Table 3.1).
In August, the number of pigmented larvae ranged from 3.2 to 35.8 larvae per plant
(Table 3.1). No differences were found between the number of pigmented larvae on August
3, 7, 10 at 35.8, 28.5 and 21.1 pigmented larvae per plant (Table 3.1). On August 13, the
number of larvae decreased to 3.2 per plant (t441= 3.60, P= 0.0646). Following, the number
of larvae increased numerically to 25.8 per plant (t441= - 3.99, P = 0.0170). No differences
were found between the number of pigmented larvae per plant on August 19 (18.7), August
22 (24.7), August 25 (10.5), and August 28 (26.8).
Pigmented larval occurrence continued in the field between September 1 and
September 17. On September 1, 4.7 pigmented larvae per plant were found, followed by
11.0 and 10.2 larvae per plant on September 4 and 7, respectively. The number of
pigmented larvae per plant reduced from 2.5 to 0.8 on September 10 and 14 with last
pigmented larvae were found on September 17 (0.5).
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Lancaster County 2020
Environmental conditions
In Lancaster County, the average daily temperature ranged between 7.3 to 30.5°C
(Fig. 3.10) between early June and late September. In June 2020, the average
temperature was 25.3°C at the Lincoln 1500 N 45TH, NE station in Lancaster County.
This temperature was greater than the 30-year average temperature of 22.2°C in June
(Fig. 3.10). In July 2020, the average temperature (25.7°C) was lower than the 30-year
average of 24.6°C. In August, the average monthly temperature was 24.2°C which was
slightly greater than the 30-year average of 23.3°C (Fig. 3.10). In September, the
temperature was 21.3°C, being higher than the 30-year average of 18.9°C (Fig. 3.10).
From June 13 to September 18, 2020 the daily precipitation ranged from 0 to 23.4
mm (Fig. 3.11). Three precipitation events greater than 25.4 mm (1 inch) of rain on the
same day occurred on the period of June 13 to September 30. Total precipitation was
87.7 mm in June, 99.3 mm in July, 30.7 mm in August, and 61.2 mm in September
compared to 120.65 mm, 76.2 mm, 91.44 mm and 75.7 mm for the 30-year average for
each corresponding month, respectively (Fig. 3.11).

Adult emergence monitoring
Resseliella maxima adult emergence was first detected at Lancaster County on June
12, 2020 with the overwintering emergence lasting 22 days, of which, nine days were active
(Fig. 3.12). Resseliella maxima overwintering adult population collected from cages in
June ranged from 0–0.3 adults/cage/day. Adult activity was inconsistent over the 22-day
period, with no emergence occurring on June 16, 17, 19 – 22 or 25- July 2 (Fig. 3.12). The
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last overwintering adults were collected on July 4 with 0.3 adults/cage/day (Fig. 3.12). First
adult emergence from this year’s soybean, referred to as the first generation, was detected
on July 3, 2020, with 0.1 adult/cage/day collected (Fig. 3.12). Adult activity from this
year’s soybean field was consistent with adults collected every two days until 22, with the
exception of August 16, when no emergence was detected (Fig. 3.12). A greater frequency
of adult activity coincided with a greater number of adults from this year’s soybean
collected in July, ranging from 0.1 to 8.9 adults/cage/day (Fig. 3.12). Adult activity from
this year’s soybean decreased in early August with 0–5.1 adults/cage/day. Activity was less
than 1 adult/cage/day after August 10 and the last adult detection occurred in August 22,
with 0.3 adults/cage/day (Fig. 3.12).

Lancaster County 2020: Commercial Site
Total larval abundance, larval category and frequency of infested plants
The analysis of larval numbers for the commercial site in Lancaster County, 2020
includes dates between June 25 and August 26 (Table 3.4), as these dates had presence of
both white and pigmented larvae. Larval numbers outside this range were not included in
the analysis due to their high frequency of zeros that caused convergence issues. The
analysis of total larvae includes sampling dates from first larvae detection on June 18, until
last larvae detection on September 10 (Fig. 3.13). The analysis of total number of larvae
over time showed an effect from date (F12,108= 3.77, P < 0.0001) (Table 3.5). The analysis
of number of white and pigmented larvae showed significant differences for date (F12,225 =
6.85, P < 0.0001), category (white or pigmented) (F1,225 = 29.45, P < 0.0001) and the
interaction of category and date (F12,225 = 2.45, P = 0.0051) (Table 3.6).
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First larvae detection on this site occurred on June 18, about six days after first adult
detection with 0.8 total larvae per plant (Table 3.4). Plants were at full flowering (R2) stage
with three of the ten sampled plants infested (Fig. 3.14; Fig 3.15). The total number of
larvae increased to 22.5 on June 25 (t135= -6.11, P < 0.0001) with no differences between
white (9.98) and pigmented (13.0) larvae (Table 3.4). On June 28, all of the sampled plants
were infested (Fig. 3.15) at 35.0 total larvae per plant were found, with 12.2 white and 14.1
pigmented larvae per plant.
No differences in the total number of larvae occurred in July (Fig. 3.13). On July
1, all plants were infested with 20.3 total larvae per plant and no differences between white
(6.1) and pigmented (14.3) with plants were at beginning pod formation (R3) stage (Fig.
3.14) . On July 4, 41.2 total larvae per plant were found, with no differences between white
larvae (15.6 per plant) and pigmented larvae Table 3.4). On July 14 and 16, 44.8 and 42.5
total larvae per plant were found, with no differences on the number of white and
pigmented larvae on July 12 (13.7 and 30.3) and July 16 (13.0, 27.3) (Table 3.4). Plants
were at the full pod stage (R4) (Fig. 3.14). On July 23, 33.6 total larvae per plant were
found, with no differences between white (21.2) and pigmented (11.0) (Table 3.4). On July
29, 11.2 total larvae per plant were found, with no differences between white (3.1) and
pigmented (7.6) larvae per plant (t225= 1.72, P = 0.0875). Plants were beginning pods (R5
stage) (Fig. 3.14). All of the sampled plants were infested on July 4, 12, 16, 23, and 29 (Fig
3.15).
No differences in the total number of larvae occurred in August (Fig. 3.13). On
August 4, 7.5 total larvae per plant were found, with pigmented (6.7 per plant) being greater
than white (0.9 per plant; t225= 3.34, P = 0.0010) and all sampled plants infested (Fig 3.15).
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Of the 10.7 total larvae per plant found on August 8, pigmented larvae (10.5 per plant)
were greater than white (0.8 larvae per plant; t225= 4.21, P < 0.0001). Seven of the ten plants
sampled were infested (Fig 3.15). On August 14, 26.6 total larvae per plant were found,
with no differences between white (11.2) and pigmented (14.3; t225= 0.49, P = 0.6214). On
August 20, 13.6 total larvae per plant were found, where pigmented larvae per plant (11.3)
were greater than white larvae (2.3 per plant; t225= 2.95, P = 0.0035). On August 26, 23.1
total larvae per plant were found, with no differences between white (12.0) and pigmented
(9.8) (Table 3.4). All of the sampled plants were infested on August 14, 20 and 26 (Fig
3.15). This field was sampled two more times in September. On September 1, the total
larvae per plant declined to 0.94 (t135= 5.21, P =<0.0001) and following, to 0.1 on
September 10.

White/ translucent larvae
White larvae were first detected on June 18 at 0.8 per plant (Table 3.4). On June
25, 9.9 white larvae per plant were found, increasing to 12.2 larvae per plant on June 28
(Table 3.4). In July, the number of white larvae ranged from 3.1 to 21.2 per plant (Table
3.4). On July 1, 6.1 white larvae per plant were found, increasing to 15.7 on July 4 (Table
3.4). Following, white larvae numbers were 13.7 and 13.0 for July 12 and 16, respectively
(Table 3.4). On July 23, the number of white larvae increased to 21.2 per plant and it was
followed by a decrease to 3.1 per plant (t225= 3.65, P = 0.0194). In most cases, differences
on the number of white larvae were not observed, at exception of July 23 and 29 (Table
3.4).
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In August, the number of white larvae ranged between 0.l8 to 12.0 per plant (Table
3.4). The number of white larvae per plant were 0.9 and 0.8 on August 4 and 8, respectively.
On August 14, the number of white larvae increased to 11.2 per plant (t225= -4.37, P =
0.0013), followed by 2.3 and 12.0 larvae per plant on August 20 and 26, respectively (Table
3.4). White larvae were not recovered from samples taken on August 31 and September
10.

Pigmented larvae
Pigmented larvae were first detected on June 25 at 13.0 per plant, increasing to 14.1
larvae per plant on June 28. No differences in the number of pigmented larvae were found
from June 25 to August 26 (Table 3.4). In July, the number of pigmented larvae per plant
ranged from 7.6 to 30.3. On July 1, 14.3 larvae per plant were found, increasing to 26.0
and 30.3 on July 4 and 12, respectively (Table 3.4). On July 16, 27.3 pigmented larvae per
plant were found, decreasing to 11.0 per plant on July 23, and later decreasing to 7.6 per
plant on July 29 (Table 3.4).
In August, the number of pigmented larvae per plant ranged from 6.7 to 14.3. On
July 4, 6.7 pigmented larvae per plant were found, followed by an increase to 10.5 and 14.3
on August 8 and 14, respectively (Table 3.4). On August 20, the number of pigmented
larvae per plant was 11.3, decreasing to 9.8 on August 26 (Table 3.4). Pigmented larvae
were last found on August 31 at 1.8 per plant.

Lancaster County 2020: Noncommercial Site
Total larval abundance, larval category, and frequency of infested plants
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The analysis of larval numbers for the Lancaster County 2020 includes dates from
June 21 to August 28 (Table 3.7). The analysis of total larvae includes sampling dates from
first larvae detection on June 21 until one sampling date prior to last larvae detection
(September 14) (Fig. 3.16). The analysis of total number of larvae over time showed an
effect from date (F9,81= 6.28, P < 0.0001) (Table 3.8). The analysis of number of white and
pigmented larvae showed significant differences for date (F9,171 = 8.60, P < 0.0001),
category (white or pigmented) (F1,171 = 39.92, P < 0.0001) and the interaction of category
and date (F9,171 =5.14, P < 0.0001) (Table 3.9).
The first detection of larvae occurred on June 21 at 5.49 total larvae per plant from
which pigmented larvae number (1.0 per plant) was significantly lower than white (4.5 per
plant, t171= - 2.73, P = 0.0070). Plants were at full flowering (R2 stage), with all of the
sampled plants infested (Fig 3.17, Fig 3.18).
The number of total larvae increased to 40.2 per plant on July 6 (t108= -5.01, P =
0.0002), with no differences between white (14.2) and pigmented (26.3) larvae per plant
(Table 3.7). Plants were beginning to form pods (R3 stage) (Fig 3.17). The total number of
larvae did not differ from July 6 to August 7 (Fig. 3.16). On July 9, 13.5 total larvae per
plant were found, with no differences between the number of white (4.9) and pigmented
(8.4) larvae per plant (Table 3.7). On July 19, 36.8 total larvae per plant were found, with
pigmented larvae per plant (27.2) being greater than white (9.2 per plant; t171= 2.44, P =
0.0159) (Table 3.3). On July 25, 24.5 total larvae per plant were found, with pigmented
larvae per plant (23.0) being greater than white larvae per plant (1.3; t171= 5.63, P < 0.0001).
Plants were beginning seed formation (R5) stage (Fig 3.17). On July 31, 35.8 total larvae
per plant were found, with a greater number of pigmented larvae (26.1) compared to white
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larvae per plant (10.5; t171=2.04, P = 0.0424). All of the sampled plants were infested on
the five samples taken in July (Fig 3.18).
On August 10, 38.3 total larvae per plant were found, with no differences between
white (13.3) and pigmented larvae per plant (24.3) (Table 3.3). On August 16, 30.5 total
larvae per plant were found with a greater number of pigmented larvae (25.6) compared to
white larvae (4.4; t171=3.84, P = 0.0002) per plant. Plants were at the full seed formation
(R6) stage (Fig 3.17), with all of the sampled plants infested on August 10 and 16 (Fig.
3.18). On August 22, 19.0 total larvae per plant were found with no differences between
the number of white (7.4) and pigmented larvae (11.6; t171= 0.98, P = 0.3305). On August
28, 14.5 total larvae per plant were found, with a greater number of pigmented larvae (13.0)
than white larvae (1.5; t171= 4.28, P < 0.0001) per plant. Of the 10 plants sampled, nine and
ten plants were infested on August 22 and 28, respectively (Fig 3.18). The total number of
larvae decreased to 9.9 on September 7. On September 14, the total number of larvae (1.0
per plant) was lower than September 4 (t108= 4.16, P = 0.0042), and all of the previous
sampling dates in July and August.

White/ translucent larvae
White larvae were first detected on June 21 at 4.5 per plant (Table 3.7). On July 6,
the number of white larvae increased to 14.2 per plant, followed by 4.9 and 9.2 larvae per
plant on July 9 and 19 (Table 3.7). On July 25, white larvae decreased to 1.3 per plant (t171=
3.82, P = 0.0069). This number was also lower than July 6 (14.2 larvae per plant; t171=
4.63, P = 0.0003), July 31 (10.5 larvae per plant; t171= - 4.06, P = 0.0030), and August 10
(13.3 larvae per plant; t171= - 4.57, P = 0.0004).
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In August, the number of white larvae ranged from 1.5 to 13.3 per plant (Table 3.7).
The numbers of white larvae per plant were 13.3, 4.4, 7.4, and 1.5 for August 10, 16, 22
and 28, respectively (Table 3.7). The number of white larvae on August 29 was lower than
the following dates: August 10 (13.3 larvae per plant; t171= 4.29, P = 0.0012), July 6 (t171=
4.46, P = 0.0006), July 19 (t171=3.53, P = 0.0183), and July 31 (t171= 3.85, P = 0.0063).

Pigmented larvae
Pigmented larvae were first detected on June 21 at 1.0 per plant, being the lowest
of the season and differing significantly from all of the other larval numbers (Table 3.7).
On July 6, the number of pigmented larvae increased to 26.3 per plant (t171= - 6.11, P <
0.0001), and numerically decreased to 9.4 per plant on July 9 (Table 3.7). On July 19, 27.2
larvae per plant were found, followed by 23.0 and 26.1 larvae per plant on July 25 and 31,
respectively (Table 3.7).
In August, the number of pigmented larvae ranged from 11.6 to 25.6 per plant
(Table 3.7). On August 10, 24.3 larvae per plant were found, increasing to 25.6 larvae per
plant on August 16 (Table 3.7). Over the next samples dates, 11.6, 13.0, 18.1 and 9.9 larvae
were found on August 22, 28, September 4, and 7, respectively(Table 3.7). Lastly, 3.2 and
0.5 pigmented larvae per plant were found on September 14 and 17. No pigmented larvae
were found after September 17.
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Saunders County Site 2021
Environmental conditions
In Saunders County, the average daily temperature ranged between 4.3 to 24.9°C
(Fig. 3.19) between first adult detection on June 8 and late September. In June 2021,
the average temperature at the Memphis 5N, NE station in Saunders County was
23.9°C. This temperature was greater than the 30-year average temperature in June at
22.0°C (Fig. 3.19). In July 2020, the average temperature was 23.4°C, slightly lower
than the 30-year average of 24.1°C (Fig 3.16). In August and September 2020, the
average monthly temperature was 24.1°C and 20.1°C, respectively. These temperatures
were slightly greater than the 30-year average of 22.8°C and 20.1°C for August and
September, respectively (Fig 3.19).
From June 8 to September 30, 2021 the daily precipitation ranged from 0 to 78.99
mm (Fig. 3.20). Four precipitation events greater than 25.4 mm on the same day occurred
during that period of time. The total precipitation per month was 66.5 mm in June, 59.7
mm in July, 54.9 mm in August, and 41.7 mm in September, compared to 30-year averages
of 120.7, 76.2, 91.4, and 75.7 mm for each corresponding month.

Adult emergence monitoring
In 2021, adults were first detected in the Saunders County field site on June 8 at an
average of 0.1 adults/cage/day (Fig 3.21). The overwintering adult emergence lasted 22
(Fig 3.21) from which nine days had active adult emergence. Resseliella maxima adult
capture in June ranged from 0 to 0.2 adults/cage/day (Fig 3.21). Adult activity was
inconsistent during the 22 days of overwintering emergence, with no emergence occurring
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on June 9 – 14, June 23, 29, July the number of overwintering adults ranged between 1, 3,
5, and 9 (Fig 3.21). Adult emergence from current year’s soybean was first detected in July
3, when 0.2 adults/cage/day were collected (Fig 3.21). In July, the number of overwintering
adults ranged from 0 to 0.4 adults/cage/day, until July 13, when overwintering adults were
last detected (Fig 3.21). The number of adults from the current year’s soybean in July
ranged from 0 to 3.38 adults/cage/day (Fig 3.21). The greatest number of adults collected
in the season occurred in August 12, at an average of 5.9 adults/cage/day (Fig 3.21). The
last adult detection of the season occurred in September 3 when 0.1 adults/cage/day were
collected (Fig 3.21).

Total seasonal larval abundance, larval category, and frequency of infested plants
The analysis of larval numbers over time includes dates from June 14 to September
1 (Table 3.10), as these dates had presence of both white and pigmented larvae. Larval
numbers outside this range were not included in the analysis due to their high frequency of
zeros that caused convergence issues. The analysis of total larvae includes sampling dates
from first larvae detection on June 14 until last larvae detection on June 30 (Fig. 3.22). The
analysis of total number of larvae over time showed an effect from date (F36,72= 7.94, P <
0.0001) (Table 3.11). The analysis of number of white and pigmented larvae showed
significant differences for date (F25,104 = 5.45, P < 0.0001), category (white or pigmented)
(F1,104= 17.86, P < 0.0001) and the interaction of category and date (F25,104 = 3.55, P <
0.0001) (Table 3.12).
The first detection of larvae occurred on June 14 at 12.32 total larvae per three
plants (Table 3.10). The number of total larvae differed only numerically from this date
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until July 27 (Fig 3.22). Plants were about 30 cm tall and had fully developed trifoliate
nodes (V4 stage) with five of the nine sampled plants infested (Figs. 3.23, 3.24). The
following total number of larvae per three plants were found: 14.0, 24.3, 61.7, 45.0, and
47.3 for June 17, 20, 23, 26, and 29, respectively. No differences on the number of white
and pigmented larvae occurred on sampling dates from June 17 to 29 (Table 3.10). Plants
were at flowering (R1) stage by June 20 (Fig 3.23). From the nine sampled plants, seven
were infested on June 17, eight on June 20, 26 and 29, and nine on June 23 (Fig 3.24).
On July 1, 51.3 total larvae per three plants were found, with pigmented (44.3)
being greater than white (7.0; t100 = 2.92, P = 0.0043). Similarly, on July 5, 41.7 total larvae
per three plants were found, where pigmented (37.6) was greater than white (4.0, t100 =
3.40, P = 0.0010). No differences on the number of white and pigmented larvae occurred
between July 8 and 23, with numbers of total larvae of 39.7, 13.7, 25.3, 56.7, 45.0, and
69.4 per three plants on July 8, 11, 14, 17, 20, and 23, respectively (Table 3.10). From July
1 to 17, all of the sampled plants were infested (Fig 3.24). On July 27, 119.7 total larvae
per three plants were found, where pigmented (93.6 per three plants) was greater than white
(26.0 per three plants, t100 = 2.14, P = 0.0350). Plants were beginning seed formation (R5)
stage with all of the sampled plants infested from July 27 to August 8 (Figs. 3.23, 3.24).
On July 30, the greatest numerical peak of larvae occurred, with 201.7 total larvae per three
plants (Fig 3.22), differing significatively from the first larvae detection (t72= -4.69, P =
0.0060). No differences between white and pigmented (64.6 and 137.0 larvae per three
plants) occurred (Table 3.10).
In August, the number of total larvae were greater in early dates (up to 137.0 larvae
per three plants) and decreased later in the month (down to 25.7 larvae per three plants);
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however, no differences were observed (Fig 3.22). On August 2, 134.3 total larvae per
three plants were found, with 50.6 and 83.5 white and pigmented larvae, respectively
(Table 3.10). Following, 137.0 total larvae were found on August 5, with 50.0 white and
86.9 pigmented larvae per three plants (Table 3.4). On August 8, 95.1 total larvae per three
plants were found, with 45.9 white and 49.0 pigmented larvae per three plants (Table 3.10).
Differences between the number of white and pigmented larvae per three plants were found
on August 11 (45.3 total,1.7 white, 43.6 pigmented; t100 = 4.40, P < 0.0001) and August 14
(97.7 total, 4.0 white, 93.7 pigmented, t100 = 4.81, P < 0.0001), where the number of white
larvae was lower than pigmented. From the nine plants sampled, eight and nine were
infested on August 11 and 14, respectively (Fig 3.24). White larvae on August 17 were
excluded from the analysis due to a lack of variability caused by absent larvae in all of the
plants collected. On the same date, 46.3 pigmented larvae per three plants were found. On
August 20, 40.4 total larvae per three plants were found, with pigmented larvae (5.3 per
three plants) being lower than white (34.9 per three plants; t100 = - 2.92, P = 0.0044). Plants
had fully developed seeds (R6 stage), with six infested plants on August 20 and 29, seven
on August 23, and five on August 26 (Figs. 3.23, 3.24). No differences on the number of
pigmented and white larvae per three plants occurred on August 23 (60.0 total, 39.9 white,
20.0 pigmented) and August 26 (58.6 total, 20.3 white, 38.3 pigmented) (Table 3.10). On
August 29, 25.7 total larvae per three plants were found, with pigmented (21.6 per three
plants) being lower than white (4.0 per three plants; t100 = 2.54, P = 0.0126).
No differences on the number of total larvae occurred in September (Fig. 3.22); the
total larvae number declined numerically in comparison to all previous dates. On
September 1, 31.3 total larvae per plant were found, with no differences between white
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(8.0) and pigmented (23.3) larvae per three plants (Table 3.10). The following numbers of
total larvae per three plants were found on the dates that were not included in the analysis
due to the high frequency of zeros on plants sampled that caused convergence issues: 3.0,
3.7, 14.0, 1.33, 0.33, 6.7, 2.3, 2.0, 3.7, and 2.0 for September 4, 7, 11, 13, 16, 19, 22, 24,
27, and 30, respectively. On September 4, the significant decline on the number of total
larvae started, with a total larvae number lower than most past dates, including August 26
(t72= 4.46, P = 0.0127). Of the nine sampled plants, four were infested on September 1, five
on September 7, two were infested on September 11, 22, and 24, six were infested on
September 13, three on September 16, and one on September 22.

White/ translucent larvae
The first detection of white larvae occurred on June 14 at 10.0 larvae per three
plants. Following, the number of white larvae per three plants were 8.3 on June 17,
increasing to 13.7 and 43.0 on June 20, and 23, respectively (Table 3.10). On June 26 and
29, 21.0 and 15.0 white larvae per three plants were found, respectively. No differences on
the number of white larvae were found from June 14 to June 29 (Table 3.10).
In July, the number of white larvae per three plants ranged from 4.0 to 64.6 larvae
per three plants. On July 1, 7.0 larvae per three plants were found, decreasing to 4.0 on July
5. Following, 11.7 larvae per three plants were found on July 8, 6.3 on the 11, 11.0 on the
14, 32.0 on the 17, 22.3 on the 20, 17.7 on the 27 and lastly, 64.6 white larvae per three
plants on the 30. Despite the wide variations, differences were only observed on July 5 (4.0
larvae per three plants) being lower than July 30 (t104= - 4.25, P = 0.0111).

112

On August 2, the greatest number of white larvae of the season was found (83.5 per
three plants). Despite the numerical differences with most of the other values, this number
was only greater than three of the previous collection dates: July 1 (t104 = - 3.96, P =
0.0289), 5 (t104 = - 4.64, P = 0.0026), and 11 (t104 = - 4.09, P = 0.0188). Following, the
number of white larvae per three plants decreased to 50.0, and 45.9 on both August 5 and
8 (Table 3.4). On August 11, the number of white larvae decreased to 1.7 per three plants
(t104 = 4.48, P = 0.0048), and it decreased to 4.0 white on August 14. The number of white
larvae on August 17 was excluded from the analysis due to the absence of larvae on all the
plants sampled, causing convergence issues (Table 3.10). On August 20, the number of
white larvae per three plants increased to 34.9, and to 39.9 on August 23. Following, 20.3
and 4.0 white larvae per three plants were found on August 26 and 29, respectively (Table
3.10). The number of white larvae on August 29 (4.0 per three plants) was lower than July
30 (t104 = 4.25, P = 0.0111), August 2 (t104 = 4.64, P = 0.0026), and August 5 (t104 = 3.85, P
= 0.0409). On September 1, white larvae were found for the last time at 8.0 larvae per three
plants (Table 3.10).

Pigmented larvae
Pigmented larvae were first detected on June 14 at 2.3 larvae per three plants (Table
3.10). Following, the number of larvae increased to 6.7, 10.7, 18.6,24.0, and 32.3 per three
plants on June 17, 20, 23, 26, and 29, respectively (Table 3.10). No differences were
observed on the number of pigmented larvae per three plants from June 14 to June 29.
In July, the number of pigmented larvae per three plants ranged from 7.3 to 137.0.
On July 1, 44.3 larvae per three plants were found, decreasing to 37.6, 28.0, and 7.3 on
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July 5, 8 and 11, respectively (Table 3.10). For the same four dates, a total of 14.3, 24.7,
22.7, and 51.7 pigmented larvae per three plants were found, respectively. No differences
on the number of pigmented larvae per three plants occurred between June 14 and July 23
(Table 3.10). On July 27, 93.6 pigmented larvae per three plants were found. When July 1
was compared to previous dates it was greater than June 14 (t104 = - 5.29, P = 0.0002), June
17 (t104 = - 4.41, P = 0.0066), and July 11 (t104 = - 4.08, P = 0.0210). Similarly, the number
of pigmented larvae per three plants on July 30 (137.0) was greater than June 14 (t104 = 5.84, P < 0.0001), June 17 (t104 = - 5.02, P = 0.0007), June 20 (t104 = - 4.17, P = 0.0155),
and July 11 (t104 = - 4.69, P = 0.0023).
In August, the number of pigmented larvae ranged from 5.3 to 86.9 per three plants
(Table 3.10). On August 2, 50.6 pigmented larvae per three plants were found, followed
by 86.9, 49.0, 43.6, 93.7, and 46.3 pigmented larvae per three plants on August 5, 8, 11, 14
and 17, respectively. No differences in the number of pigmented larvae per three plants
were observed between August 2 and August 17 (Table 3.10). On August 20, the number
of pigmented larvae per three plants decreased numerically to 5.3. Despite the wide
differences compared to the previous dates in August, significant differences were absent
except for August 14 (93.7. larvae per three plants) being greater than August 20 (t104 =
4.49, P = 0.0051). Pigmented larvae were found in late August with 20.0, 38.3, and 21.6,
pigmented larvae per three plants were found on August 23, 26, 29, respectively. On
September 1, 23.3 pigmented larvae were found per three plants.
After September 1, larval counts were excluded from the analysis due to their high
frequency of zeros, however, low counts of pigmented larvae were found on plants for 10
more sampling until September 30. On September 4, 3.0 pigmented larvae per three plants
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were found, increasing to 3.7 on September 7. Pigmented larvae continued to decline with
1.3 and 0.3 on September 13 and 16, respectively. On September 19, the number of
pigmented larvae increased to 6.7 per three plants, decreasing to 2.33 and 2.0 on September
22 and 24, respectively. Pigmented larvae were found at 3.7 per three plants on September
27 and lastly, at 2.0 per three plants on September 30.
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Lancaster County Site 2021
Environmental conditions
In Lancaster County, the average daily temperature ranged between 14.8 to 30.2°C
(Fig. 3.25) between the first adult detection on June 5 and late September. In June 2021,
the average temperature at the Lincoln 1500 N 45TH, NE station in Lancaster County
was 24.8°C. This temperature was higher than the 30-year average temperature of
22.2°C for June(Fig. 3.25). In July 2020, the average temperature (25.2°C) was lower
than the 30-year average of 24.6°C (Fig. 3.25). In August, the average monthly
temperature was 25.9°C which was greater than the 30-year average of 23.3°C (Fig.
3.25). In September the temperature was 21.5°C, which was greater than the 30-year
average of 18.9°C (Fig. 3.25).
From June 5 to September 30, 2021 the daily precipitation ranged from 0 to 34.3
mm (Fig. 3.26). Four precipitation events greater than 25.4 mm of rain on the same day
occurred during the same period. Total precipitation per month was 87.6 in June, 37.6 in
July, 61.5 in August, and 12.7 mm in September, compared to the 30-year average of 120.7,
76.2, 91.4, and 75.7 mm, for those same months, respectively.

Adult emergence monitoring
In 2021, adult emergence in the Lancaster County site was first detected on June 5,
with the overwintering emergence lasting 25 days, 17 of which were active (Fig 3.27).
Resseliella maxima adult population collected from cages in June ranged from 0 to 0.16
adults/cage/day (Fig 3.27). Adult activity was consistent over the 25-day period with no
emergence occurring only on June 27 and 29 (Fig 3.27). First adult emergence from this
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year’s soybean, referred as the first generation, was detected on July 5, with 0.02
adults/cage/day collected and it lasted 28 days (Fig 3.27). Adult activity from this year’s
soybean field was mostly consistent, with the absence of emergence only on August 6, 8,
and 10 (Fig 3.27). The last detection of overwintering adult emergence occurred on July
15, with 0.01 adults/cage/day collected (Fig 3.27). In July, the emergence from this year’s
soybean ranged from 0 to 2.08 adults/cage/day collected (Fig 3.27). In August, the
emergence from this year’s soybean ranged from 0 to 0.47 adults/cage/day (Fig 3.27).

Total seasonal larval abundance, larval category, and frequency of infested plants
The analysis of larval number included dates from June 14 to September 1 for
Lancaster County 2021 which had the presence of both white and pigmented larvae. Larval
numbers outside this range were not included in the analysis due to their high frequency of
zeros that caused convergence issues (Table 3.13). The analysis of total larvae includes
sampling dates from first larvae detection on June 14 until August 26 (Fig. 3.28). There
were 10 more sampling dates after August 26, which were not included in the analysis of
total number of larvae due to their high frequency of zeros. The analysis of total number
of larvae over time showed an effect from date (F34,68= 4.48, P < 0.0001) (Table 3.14), with
the sampled taken in July having greater larval numbers. Similarly, the analysis of number
of white and pigmented larvae showed significant differences for date (F26,106= 8.36, P <
0.0001). The effect category (white or pigmented) also differs, with greater numbers of
pigmented larvae compared to white larvae (F1,106 = 8.24, P = 0.0049). The interaction of
category and date was also significant (F26,106 = 3.09, P < 0.0001) (Table 3.15).
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The first detection of larvae occurred on June 14 at 6.7 total larvae per three plants
(Table 3.13). Plants were about 30 cm tall and had developed four to six trifoliate leaf
nodes (V4 – V6 stage) (Fig. 3.29) with five of the nine sampled plants infested (Fig 3.30).
On June 17, 9.7 total larvae per three plants were found, with seven of the nine sampled
plants infested (Fig 3.30). On June 20, the total number of larvae increased significantly to
80.6 total larvae per three plants, differing from June 14 (t48= -4.51, P = 0.0082). From the
total of 80.7 larvae, 46.3 were white larvae and 34.3 per three plants were pigmented larvae
(Table 3.13). Plants had begun to flower (R1) stage (Fig. 3.29) with eight of the sampled
plants infested (Fig 3.30). No significant differences in the number of white and pigmented
larvae occurred between June 20 and June 29 (Table 3.13). No differences in the total larvae
number occurred from June 20 to July 23. On June 23, 74.4 total larvae per three plants
were found, with 47.3 white and 27.0 pigmented larvae per three plants (Table 3.13). Plants
were at the full flowering (R2) stage (Fig. 3.29) with all of the sampled plants infested (Fig
3.30). On June 26, 52.7 total larvae per three plants were found, with 4.3 white larvae per
three plants and 12.3 pigmented larvae per three plants (Table 3.13). On June 29, 16.7 total
larvae per three plants were found, with 4.3 white and 12.3 pigmented larvae per three
plants. Eight of the nine sampled plants were infested on June 26 and 29, respectively(Fig
3.30).
On July 1, a total of 85.0 larvae per three plants were found, with pigmented (74.0
larvae per three plants) being greater than white (11.0 larvae per three plants, t98= 2.90, P
= 0.0046). On July 5, 69.4 total larvae per three plants were found, with 20.7 white larvae
and 48.7 pigmented larvae per plant. Plants were at beginning pod formation (R3) stage
(Fig. 3.29). No significant differences between the number of white and pigmented larvae
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per three plants were found between July 5 and July 23 (Table 3.13). On July 8, 97.0 total
larvae per three plants were found, with 61.3 white and 35.7 pigmented larvae per three
plants. On July 11, 66.0 total larvae per three plants were found, with 36.0 white and 85.7
pigmented larvae per three plants (Table 3.13). On July 14, 122.4 total larvae per three
plants were found, with 36.7 white and 85.7 pigmented larvae per three plants (Table 3.13).
Plants were at full pod formation (R4) stage (Fig. 3.29). On July 17, 132.7 total larvae per
three plants were found, with 85.0 white and 47.6 pigmented larvae per three plants (Table
3.13). All of the sampled plants were infested on July 1, 5, 8, 11, 14, and 17 (Fig 3.30). On
July 20, 129.1 total larvae per three plants were found, with 57.7 white and 71.4 pigmented
larvae per three plants (Table 3.13). Seven of the nine plants sampled were infested (Fig
3.30). On July 23, 104.0 total larvae per three plants were found, with 52.0 white and 52.9
pigmented larvae per three plants (Table 3.13). Plants were beginning pod formation (R5)
stage (Fig. 3.29) with all of the plants sampled infested (Fig 3.30). On July 27 and 30, a
numerical peak for the number of total larvae occurred with 164.4 and 191.7 total larvae
per three plants, differing from previous dates: June 14 (t48= -5.76, P = 0.0001; t48= -6.03,
P =<0.0001), June 17 (t48= -4.94, P = 0.0022; t48= -5.21, P = 0.0009), and June 29 (t48= 4.04, P = 0.0322; t48= -4.32, P = 0.0148), for July 27 and 30, respectively. On July 27, the
number of pigmented larvae (140.4 per three plants) was greater than white (24.0 per three
plants; t98= 2.74, P = 0.0072), with all sampled plants infested. On July 30, 56.0 larvae per
three plants were white and 135.7 pigmented, with no differences in the number of white
and pigmented larvae.
No differences in the total number of larvae occurred in August (Fig. 3.28). On
August 2, 156.7 total larvae per three plants were found, with 100.4 white and 56.4
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pigmented per three plants. No significant differences on the number of white and
pigmented larvae per three plants occurred from August 2 to August 11 (Table 3.13). On
August 5, 102.0 total larvae per plant were found, with 33.3 white and 68.7 pigmented
larvae per three plants, respectively. On August 8, 78.7 total larvae per three plants were
found, with 44.0 white and 34.7 pigmented larvae per three plants (Table 3.13). All of the
plants sampled were infested from August 2 to 8 (Fig 3.30). On August 11, 98.6 total larvae
per three plants were found, with 33.3 white and 65.3 pigmented larvae per three plants
(Table 3.13). Eight of the nine sampled plants were infested (Fig 3.30). On August 14, 73.0
larvae per plant were found, with pigmented (70.7 per three plants) being greater than white
larvae number (2.3 per three plants, t98= 4.62, P < 0.0001). On August 17, 125.7 total larvae
per three plants were found, from which pigmented larvae (29.3 per three plants) were
significantly greater than white larvae (14.7 per three plants, t98= 3.11, P = 0.0024). Plants
were at full seed (R6 stage) (Fig. 3.29) All of the sampled plants were infested on August
14 and 17 (Fig 3.30). On August 20, 34.0 total larvae per plant were found, with white
larvae per three plants (4.7) being greater than pigmented larvae per three plants (29.3; t98=
2.65, P = 0.0094). Six of the nine sampled plants were infested. On August 23, 23.4 total
larvae per three plants were found, with seven of the nine sampled plants infested. No
significant differences on the number of white and pigmented larvae per three plants
occurred from August 23 to 29 (Table 3.13). On August 26, 28.4 total larvae per three
plants were found, with 10.0 white and 18.3 pigmented larvae per three plants (Table 3.5).
On August 29, 21.3 total larvae per three plants were found, from which 12.3 larvae per
three plants were white and 9.0 larvae per three plants were pigmented. Of the nine sampled
plants, five and six plants were infested on August 26 and 29, respectively.
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On September 1, 6.7 total larvae per three plants were found, with no differences
between white (2.3) and pigmented (4.3) larvae per three plants (Table 3.13). Plants were
beginning maturity (R7) stage (Fig. 3.29). On September 4, 8.7 total larvae per three plants
were found followed by 9.3 total larvae per plant on September 7. Five of nine sampled
plants were infested on September 4 and 7 (Fig. 3.30). On September 11, 8.0 total larvae
per three plants were found on two of the nine plants infested. On September 13, 23.0 total
larvae per three plants were found, with six of the nine plants sampled were infested. On
September 16, 7.3 total larvae per three plants were found. On September 19, 6.3 total
larvae per three plants were found. Three and two of the nine sampled plants were infested
on September 16 and 19, respectively. On September 22, 0.33 total larvae per three plants
were found, with one of the nine sampled plants infested (Fig. 3.30). Lastly, on September
24, 5.0 total larvae per three plants were found. Plants were at full maturity (R8 stage) (Fig.
3.29), with two of the nine sampled plants infested (Fig. 3.30).

White/ translucent larvae
The first detection of white larvae occurred on June 14 at 6.0 per three plants. The
number of white larvae increased to 8.7, 46.3, and 47.3 on June 17, 20 and 23, respectively
(Table 3.13). For the next few samples, the number of white larvae decreased to 31.3 and
4.3 per three plants on June 26 and 29, respectively. No differences in the number of white
larvae occurred between June 14 and 29 (Table 3.13).
On July 1, 11.0 white larvae per three plants were found, increasing to 20.7 and
61.3 on July 5 and 8, respectively (Table 3.13). The number of white larvae increased to
36.0, 36.7, and 85.0 on July 11, 14 and 17. On July 20, 57.7 white larvae per three plants
were found, decreasing to 52.0 on July 23, and to 24.0 on July 27 (Table 3.13); lastly,
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increasing to 56.0 on July 30. No differences on the number of white larvae occurred on
July (Table 3.13); however, the number of white larvae on June 29 was lower than the
collection dates: July 8 (t106 = - 4.09, P = 0.0198), July 17 (t106 = - 4.60, P = 0.0032), July
20 (t106 = - 3.99, P = 0.0272), July 23 (t106 = - 3.83, P = 0.0452), and July 30 (t106 = - 3.95,
P = 0.0315).
On August 2, the greatest number of white larvae of the season was observed (100.4
per three plants) (Table 3.13). This number was only greater than two of the previous
collection dates: June 14 (t106 = - 4.48, P = 0.0052) and June 18 (t106 = - 3.98, P = 0.0287).
The number of white larvae per three plants was 33.3, 44,0, and 33.3 for August 5, 8, and
11, respectively. No differences occurred between August 2 and 11. On August 14, 2.3
white larvae per plant were found which was lower than the previous collection dates: June
20 (t106 = 4.29, P = 0.0104), June 23 (t106 = 4.31, P = 0.0093), July 11 (t106 = 3.91, P =
0.0354) July 14 (t106 = 3.94, P = 0.0325), August 2 (t106 = 5.41, P = 0.0001), August 5 (t106
= 3.80, 0.0500), and August 8 (t106 = 4.21, P = 0.0135). On August 17, 14.7 white larvae
per three plants were found, followed by 4.7, 10.7. 10.0, and 12.3 on August 20, 23, 26,
and 29, respectively. No differences were observed from August 17 to 29.
On September 1, 2.3 white larvae per plant were observed which was lower than
several previous collection dates: June 20 (t106 = 4.28, P = 0.0104), June 23 (t106 = 4.31, P
= 0.0093), July 8 (t106 = 4.69, P = 0.0023), July 11 (t106 = 3.91, P = 0.0354), July 14 (t106 =
3.94, P = 0.0325), July 17 (t106 = 5.17, P = 0.0003), July 20 (t106 = 4.60, P = 0.0032), July
23 (t106 = 4.45, P = 0.0057), July 30 (t106 = 4.56, P = 0.0038), August 2 (t106 = 5.41, P =
0.0001), and August 8 (t106 = 4.20, P = 0.0135). White larvae were last found on September
7 at 1.0 larvae per three plants.
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Pigmented larvae
The first detection of pigmented larvae occurred on June 14 at 0.7 larvae per three
plants, followed by 1.0 larvae per three plants on June 17 (Table 3.13). The number of
pigmented larvae increased to 34.3 on June 20 (t106 = - 4.29, P = 0.0102), followed by 27.0,
21.3 and 12.3 pigmented larvae per three plants on June 23, 26, and 29, respectively (Table
3.13).
On July 1, 74.0 pigmented larvae per three plants were found, decreasing to 48.7,
35.7, and 30.0 on July 5, 8, and 11, respectively (Table 3.13). On July 14, 85.7 pigmented
larvae per three plants were found, decreasing to 47.6 on July 17 (Table 3.13). The number
of pigmented larvae per three plants on July 20 was 71.4, followed by 52.0, 140.4, and
135.7 on July 23, 27, and 30, respectively. No differences in the number of pigmented
larvae occurred in July (Table 3.13).
On August 2, the number of pigmented larvae per three plants was 56.4, increasing
to 68.7 on August 5 (Table 3.13). The number of pigmented larvae per three plants was
34.7, 65.3, and 70.7 pigmented larvae per three plants on August 8, 11, and 14, respectively
(Table 3.13). On August 17, the number of pigmented larvae per three plants increased to
111.0, followed by a numerical decline to 29.3 and 12.7 on August 20 and 23, respectively
(Table 3.13). On July 26, 18.3 pigmented larvae per three plants were found, decreasing to
9.0 by August 29 (Table 3.13).
On September 1, 4.3 pigmented larvae per three plants were found which was lower
than 11 of the previous collection dates: July 1 (t106 = 4.39, P = 0.0072), July 14 (t106 =
4.62, P = 0.0031), July 20 (t106 = 4.33, P = 0.0088), July 23 (t106 = 3.83, P = 0.0453), July
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27 (t106 =5.39, P = 0.0001), July 30 (t106 = 5.34, P = 0.0002), August 2 (t106 = 3.96, P =
0.0306), August 5 (t106 = 4.27, P = 0.0109), August 11 (t106 = 4.19, P = 0.0143), August
14 (t106 = 4.31, P = 0.0093), August 17 (t106 = 5.02, P = 0.0006). On September 4, 8.7
pigmented larvae per three plants were found, followed by 8.3, 8.0, 23.0, 7.6, 6.3, and 0.3
larvae per three plants on September 7, 11, 13, 16, 19 and 22, respectively. Pigmented
larvae were last found on September 24 at 5.0 larvae per three plants.
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Discussion
This is the first study to document R. maxima larval abundance over the growing
season on soybean from first adult detection until harvest. In all site years, larvae were
found shortly after adult detection. In 2020, first adult detection occurred on June 12 and
13 for Saunders and Lancaster County, respectively. In 2021, the first adults were detected
one week earlier, on June 8 in Saunders County and June 5 in Lancaster County. Larvae
were detected between 4-9 days after first adult detection in 2020 and between 6-9 days
after first adult detection in 2021. For R. theobaldi larval hatch occurs 7-10 days after eggs
are laid (Gordon and Williamson 1991), and oviposition mainly occurs within the first 24
hours of eclosion (Pitcher 1952), suggesting that the adult monitoring of R. maxima in these
locations may have been successful in detecting the first emergence.
Although R. maxima larvae have three instars (Gagné et al. 2019), larvae were only
separated as white and pigmented for this study because instar identification demands more
time and taxonomic skills, and the number of larvae collected made instar identification
impractical. White and pigmented R. maxima larvae were usually first found on the same
date and were present in the field simultaneously. Such results may be a reflection of the
low numbers of adult emergence at the beginning of adult activity. Similarly, a diversity
of R. theobaldi larvae, from yellow to pink/salmon larvae have been observed to
simultaneously infest raspberry primocane splits (Nilsson 2008). R. maxima larvae were
found in the soybean stems for the duration of the season with the first peak of larvae
usually occurring within a week from first larvae detection.
The number of R. maxima larvae varied considerably over the season, with three
numerical peaks observed in 2020, similar to R. theobaldi, a species that also exhibits three
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seasonal generations (Pitcher and Webb 1952). Despite the different patterns of R. maxima
larval seasonal abundance, the greatest numerical populations were observed between midJuly and the beginning of August (Fig. 3.7). This pattern was consistent for all of the study
years, although the timing of the peak varied by 1-2 weeks (Figs. 3.22, 3.28). Other species,
such as the velvetbean caterpillar, Anticarsia gematalis Hubner showed the greatest larvae
populations in late July, mid-August, and early September in Florida soybeans (Strayer
1973). Similarly, Geocoris spp. nymphs in South Carolina soybeans reach their population
peak in late September, with three peaks observed during their presence in the field from
July to October (Shepard et al. 1974).
In 2020, the last detection of R. maxima white larvae occurred 1–2 weeks (7 to 16
days) before the last pigmented larvae detection, except for the noncommercial site in
Lancaster County, where white and pigmented larvae were last observed on the same date.
In 2021, the last white larvae detection occurred 29 days before last pigmented larvae
detection in both sites. In Saunders County, R. maxima larvae was present in the field from
mid-June to mid to late September for both years. In 2021, larvae were present on soybean
at the Lancaster County site from mid-June to late August, leaving soybean plants earlier
than the Saunders County site.
In this study, plants started dying in early July, which seemed to force R. maxima
adults to infest newer plants in the field interior. Although the reduction in the number of
R. maxima larvae per plant usually coincided with a lower frequency of infested plants, it
is unknown whether these two factors were correlated. In addition, the reduction in the
number of infested plants could have been caused because late samples were taken farther
into the field. A high rate of plant death occurred at the edge of these fields, as suggested
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by McMechan (2021), creating the need to collect plants farther into the field to continue
documenting the larvae population, as suggested by McMechan (2021).
Some inconsistencies were observed in the commercial and noncommercial sites in
Lancaster County in 2020. Differences between year sites may be because the commercial
and non-commercial sites were not sampled regularly every three days. The occurrence of
three larval generations is unclear for the commercial and noncommercial sites, as larval
peaks are not apparent. In addition, differently from other site years, pigmented larvae were
first observed seven days after first white larvae detection rather than at the same time.
However, both categories of larvae were last observed on the same date in the noncommercial site.
In both study years, after the greatest number of R. maxima larvae were observed,
the population of larvae tended to decline with some sporadic peaks for the remainder of
the season. In Saunders County, both years showed low numbers of R. maxima larvae for
the last 3-4 weeks beginning in late August. In Lancaster County, larvae were present for
a shorter period of time after their last peak in mid to late August. Similar observations
have been made on R. theobaldi which showed a lower number of larvae at the end of the
season (Nilsson 2008). The author suggested that this could be a result of dilution as more
natural splits were available for midges to infest. Similarly, seasonal abundance studies on
pea aphid, Acyrthosiphon pisum, have shown that this insect population peaks at the end
of July and beginning of August and then decline as the crop matured (Maiteki et al.
1986).The greatest number of R. maxima larvae seemed to coincide with the greatest
numerical peak of R. maxima adults emerging in the current year’s soybean in all site years.
This has similarly been observed with other insect species (Punithavalli et al. 2014).
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The detection and documentation of peaks of R. maxima larval abundance over the
growing season provides information that can assist future research on this new pest.
Insecticide efficacy trials may obtain a better estimate of impact when trials are evaluated
during the time when R. maxima larvae peak. In addition, seasonal larval studies can also
provide information that assists in establishing thresholds for the control of R. maxima in
the future.
There are a number of potential factors that were not explored in this study that may
have impacted the larval population over time. Further experiments should be conducted
to evaluate the effect of environmental conditions and soil characteristics on R. maxima
larval population. Improvements could be made to the methodology. Some improvements
could include setting wider plots that allow random sampling for the duration of the season,
as three meters wide plots did not seem to provide enough area to collect samples for the
entire season because of plant death at the edge of the field. Wilting and dead plants should
continue to be excluded from samples, as they contain dead larvae or lower numbers of
larvae in comparison to healthier infested plants.
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Tables
Table 3.1. Comparisons of larval population over time in Saunders County field site
2020. Different uppercase letters represent significative differences between dates per
category. Lowercase letters represent significative differences between stages within the
same date.

Location:
Month
June

July

August

Saunders County, NE
Year:
2020
Day white/ translucent (per plant)
pigmented
17
2.2 DE
a
0.4 F
18
7.5 ABCD
a
5.3 CDEF
21
9.8 ABCD
a
6.8 BCDE
24
8.5 ABCD
a
9.3 ABCDE
27
3.0 CDE
b
51.0 A
30
4.9 BCDE
b
31.5 ABCC
3
2.6 CDE
b
11.4 ABCDE
6
0.1 E
b
3.8 DEF
9
6.0 BCDE
a
13.9 ABCDE
11
1.9 DE
b
16.0 ABCDE
15
4.6 BCDE
b
24.2 ABCD
19
12.3 ABCD
b
45.7 A
22
26.7 AB
a
14.6 ABCDE
25
2.2 DE
b
30.3 ABCC
28
39.3 A
a
14.4 ABCDE
31
18.3 ABC
a
24.6 ABCD
3
26.0 AB
a
35.8 AB
7
7.0 ABCD
b
28.5 ABCC
10
8.4 ABCD
a
21.1 ABCDE
13
0.5 E
b
3.2 EF
16
13.8 ABCD
a
25.8 ABCC
19
7.1 ABCD
a
18.7 ABCDE
22
7.6 ABCD
b
24.7 ABCD
25
12.2 ABCD
a
10.5 ABCDE
28
2.1 DE
b
26.8 ABC

b
a
a
a
a
a
a
a
a
a
a
a
a
a
b
a
a
a
a
a
a
a
a
a
a
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Table 3.2. Analysis of variance Type III tests of fixed effects for the total number of
larvae over time in Saunders County 2020 (Date: sampling dates from June 17 to August
28).

Effect
Date

Num DF
24

Den DF
216

F Value
7.32

Pr > F
<0.0001

Table 3.3. Analysis of variance Type III tests of fixed effects for white and pigmented
larvae over time in Saunders County 2020 (Date: sampling dates from June 17 to August
28, category: white and pigmented).

Effect
Num DF
Date
24
Category
1
Date*category
24

Den DF
441
441
441

F Value
7.96
73.97
4.72

Pr > F
<0.0001
<0.0001
<0.0001

Table 3.4. Comparisons of larvae population over time in Lancaster County –
Commercial site, 2020. Different uppercase letters represent significative differences
between dates per category. Lowercase letters represent significative differences between
stages within the same date.

Location:
Month
June
July

August

Lancaster County, NE - Commercial Site
Year: 2020
Day
white/ translucent (per plant)
pigmented (per plant)
25
9.9 ABC
a
13.0 NS
a
28
12.2 ABC
a
14.1 NS
a
1
6.1 ABCD
a
14.3 NS
a
4
15.6 AB
a
26.0 NS
a
12
13.7 ABC
a
30.3 NS
a
16
13.0 ABC
a
27.3 NS
a
23
21.2 A
a
11.0 NS
a
29
3.1 BCD
a
7.6 NS
a
4
0.9 D
b
6.7 NS
a
8
0.8 D
b
10.5 NS
a
14
11.2 ABC
a
14.3 NS
a
20
2.3 CD
b
11.3 NS
a
26
12.0 ABC
a
9.8 NS
a
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Table 3.5. Analysis of variance Type III tests of fixed effects for the total number of
larvae over time in Lancaster County: Commercial site 2020 (Date: sampling dates from
June 17 to August 28).

Effect
Date

Num DF
12

Den DF
108

F Value
3.77

Pr > F
<0.0001

Table 3.6. Analysis of variance Type III tests of fixed effects for white and pigmented
larvae over time in Lancaster County: Commercial site 2020 (Date: sampling dates from
June 17 to August 28, category: white and pigmented).

Effect
Num DF
Date
12
Category
1
Date*category
12

Den DF
225
225
225

F Value
6.85
24.95
2.45

Pr > F
<0.0001
<0.0001
0.0051
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Table 3.7. Comparisons of larvae population over time in Lancaster County –
Noncommercial site, 2020. Different uppercase letters represent significative differences
between dates per category. Lowercase letters represent significative differences between
stages within the same date.

Location:
Month
June
July

August

Lancaster County, NE - Non commercial Site
Year: 2020
Day white/translucent (per plant)
pigmented (per plant)
21
4.5 ABC
a
1.0 B b
6
14.2 A
a
26.3 A a
9
4.9 ABC
a
8.4 A a
19
9.2 A
b
27.2 A a
25
1.3 C
b
23.0 A a
31
10.5 A
b
26.1 A a
10
13.3 A
a
24.3 A a
16
4.4 ABC
b
25.6 A a
22
7.4 AB
a
11.6 A a
28
1.5 BC
b
13.0 A a

Table 3.8. Analysis of variance Type III tests of fixed effects for the total number of
larvae over time in Lancaster County: Noncommercial site 2020 (Date: sampling dates
from June 25 to August 26).

Effect
Date

Num DF
12

Den DF
108

F Value
3.77

Pr > F
<0.0001

Table 3.9. Analysis of variance Type III tests of fixed effects for white and pigmented
larvae over time in Lancaster County: Noncommercial site 2020 (Date: sampling dates
from June 25 to August 26, category: white and pigmented).

Effect
Num DF
Date
9
Category
1
Date*category
9

Den DF
171
171
171

F Value
8.6
39.92
5.14

Pr > F
<0.0001
<0.0001
<0.0001
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Table 3.10. Comparisons of larvae population over time in Saunders County field site
2021. Different uppercase letters represent significative differences between dates per
category. Lowercase letters represent significative differences between stages within the
same date. * This observation was removed from the analysis due to convergence issues.

Saunders County, NE
Month
Day
white/ translucent
June
14
10 ABCD a
17
8.3 ABCD a
20
13.7 ABCD a
23
43.0 ABC
a
26
21.0 ABCD a
29
15.0 ABCD a
July
1
7.0 BCD
b
5
4.0 CD
b
8
11.7 ABCD a
11
6.3 BCD
a
14
11.0 ABCD a
17
32.0 ABC
a
20
22.3 ABCD a
23
17.7 ABCD a
27
26.0 ABCD b
30
64.6 AB
a
August
2
83.5 A
a
5
50.0 AB
a
8
45.9 ABC
a
11
1.7 D
b
14
4.0 CD
b
17
0.0 *
*
20
34.9 ABC
a
23
39.9 ABC
a
26
20.3 ABCD a
29
4.0 CD
b
September
1
8.0 BCD
a

Year: 2021
pigmented
2.3 D
6.7 CD
10.7 BCD
18.6 ABCD
24.0 ABCD
32.3 ABCD
44.3 ABC
37.6 ABC
28.0 ABCD
7.3 CD
14.3 ABCD
24.7 ABCD
22.7 ABCD
51.7 ABC
93.6 AB
137.0 A
50.6 ABC
86.9 AB
49.0 ABC
43.6 ABC
93.7 AB
46.3 ABC
5.3 C
20.0 ABCD
38.3 ABC
21.6 ABCD
23.3 ABCD

a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
*
b
a
a
a
a
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Table 3.11. Analysis of variance Type III tests of fixed effects for the total number of
larvae over time in Saunders County 2021. (Date: sampling dates from June 14 to
September 1).

Effect
Date

Num DF
36

Den DF
72

F Value
7.94

Pr > F
<0.0001

Table 3.12. Analysis of variance Type III tests of fixed effects for white and pigmented
larvae over time in Saunders County 2021 (Date: sampling dates from June 14 to
September 1; category: white and pigmented).

Effect
Num DF
Date
26
Category
1
Date*category
25

Den DF
104
104
104

F Value
5.45
17.86
3.55

Pr > F
<0.0001
<0.0001
<0.0001
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Table 3.13. Comparisons of larvae population over time in Lancaster County site 2021.
Different uppercase letters represent significative differences between dates per category.
Lowercase letters represent significative differences between stages within the same date.

Location:
Month
June

Lancaster County, NE
Year: 2021
Day
white/ translucent (3 plants)
pigmented (3 plants)
14
6.0 CDEFG
b
0.7 E
a
17
8.7 BCDEFG a
1.0 E
b
20
46.3 ABCDE
a
34.3 ABCD
a
23
47.3 ABCDE
a
27.0 ABCD
a
26
31.3 ABCDEFG a
21.3 ABCDE
a
29
4.3 EFG
a
12.3 BCDE
a
July
1
11.0 ABCDEFG b
74.0 ABC
a
5
20.7 ABCDEFG a
48.7 ABCD
a
8
61.3 ABC
a
35.7 ABCD
a
11
36.0 ABCDE
a
30.0 ABCD
a
14
36.7 ABCDE
a
85.7 ABC
a
17
85.0 AB
a
47.6 ABCD
a
20
57.7 ABC
a
71.4 ABC
a
23
52.0 ABCD
a
52.9 ABC
a
27
24.0 ABCDEFG b
140.4 A
a
30
56.0 ABC
a
135.7 A
a
August
2
100.4 A
a
56.4 ABC
a
5
33.3 ABCDEF a
68.7 ABC
a
8
44.0 ABCDE
a
34.7 ABCD
a
11
33.3 ABCDEFG a
65.3 ABC
a
14
2.3 G
b
70.7 ABC
a
17
14.7 ABCDEFG b
111.0 AB
a
20
4.7 DEFG
b
29.3 ABCD
a
23
10.7 ABCDEFG a
12.7 BCDE
a
26
10.0 ABCDEFG a
18.3 ABCDE
a
29
12.3 ABCDEFG a
9.0 CDE
a
September
1
2.3 FG
a
4.3 DE
a
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Table 3.14. Analysis of variance Type III tests of fixed effects for the total number of
larvae over time in Lancaster County 2021. (Date: sampling dates from June 14 to
September 1).

Effect
Date

Num DF
34

Den DF
68

F Value
4.48

Pr > F
<0.0001

Table 3.15. Analysis of variance Type III tests of fixed effects for white and pigmented
larvae over time in Lancaster County 2021 (Date: sampling dates from June 14 to
September 1; category: white and pigmented).

Effect
Num DF
Date
26
Category
1
Date*category
26

Den DF
106
106
106

F Value
8.36
8.24
3.09

Pr > F
<0.0001
0.0049
<0.0001
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Figures
Figure. 3.1. Adult emergence cage placed on a last year’s soybean field (current year
corn).

Figure 3.2. A: Infested plant selected to count the number of larvae in the stem; B: Plant
sample to be placed into conical tubes.

A

B
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Figure 3.3. Classification of R. maxima larval instars. From right to left: egg, first instar
(white), second instar (pigmented), and third instar (pigmented). Photo by Ravneet Kaur.

Figure 3.4. Average temperature for the months when the study was conducted (June,
July, August and September). Comparisons are made for the temperature registered in
2020 and the normal temperature in the last 30 years in Saunders County, 2020.
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Figure 3.5. Precipitation for the months when the study was conducted (June, July,
August and September). Comparisons are made for the temperature registered in 2020
and the average monthly precipitation in the last 30 years in Saunders County, 2020.
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Figure 3.6. Resseliella maxima’s adult emergence over time. Saunders County, 2020.
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Fig. 3. 7. Resseliella maxima total larvae population over time. Saunders County, 2020.
90

F = 11.07
P <0.0001
DF = 30, 270

80

larvae/plant

70

AB

AB

60

AB

AB

50

AB

ABC

40
ABCDE
ABCDE
ABCDEF

20

ABC

ABC

ABC

30

10

A

A

ABC

ABC

ABCD

ABCDE
ABCDEF

ABCD

ABCDE

EFG

FG

BCDEF
DEFG CDEFFG
G

EFG

0
17 18 21 24 27 30

3

6

9

11 15 19 22 25 28 31

June

3

7

ABC

10 13 16 19 22 25 28 31

July

4

7

August

September

MEMPHIS
Figure 3.8. Timeline of the developmental
stages of soybean in Saunders County, NE,
2020.
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Figure 3.9. Frequency of infested plants in Saunders County, NE 2020.
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Figure 3.10. Average temperature for the months when the study was conducted (June,
July, August and September). Comparisons are made for the temperature registered in
2020 and the normal temperature in the last 30 years in Lancaster County, 2020.
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Figure 3.11. Precipitation for the months when the study was conducted (June, July,
August and September). Comparisons are made for the temperature registered in 2020
and the average monthly precipitation in the last 30 years in Lancaster County, 2020.
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Fig. 3. 12. Resseliella maxima’s adult emergence over time. Lancaster County, 2020.
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Figure 3.13. Resseliella maxima total larvae population over time. Lancaster County:
Commercial site, 2020.
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Figure 3.14. Developmental stages of soybean in Lancaster County, NE, 2020:
Commercial site.
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Figure 3.15. Frequency of infested plants in Lancaster-Commercial site, NE 2020.
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Fig. 3. 16. Resseliella maxima total larvae population over time. Lancaster County:
Noncommercial site, 2020.
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Figure 3.17. Developmental stages of soybean in Lancaster County, NE, 2020:
DAVEY NON COMMERCIAL
Noncommercial site.
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Figure 3.18. Frequency of infested plants in Lancaster-Noncommercial site, NE 2020.
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Figure 3.19. Average temperature for the months when the study was conducted (June,
July, August and September). Comparisons are made for the temperature registered in
2021 and the normal temperature in the last 30 years in Saunders County, 2021.
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Figure 3.20. Precipitation for the months when the study was conducted (June, July,
August and September). Comparisons are made for the temperature registered in 2021
and the average monthly precipitation in the last 30 years in Saunders County, 2021.
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Fig. 3. 21. Resseliella maxima’s adult emergence over time. Saunders County, 2021.
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Figure 3.22. Resseliella maxima total larvae population over time. Saunders County,
2021.
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Figure 3.23. Developmental stages of soybean in Saunders County, NE, 2021
VE

V1

V2

V3

V4

V5

V6

R1

V7

R2

R3

R4

R5

R6

R7

R8

21

3

6

9

13

16

18

20

22

25

5

16

27

18

2

24

May

July

June

August

September

Figure 3.24. Frequency of infested plants in Saunders County, NE 2021.
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Figure 3.25. Average temperature for the months when the study was conducted (June,
July, August and September). Comparisons are made for the temperature registered in
2021 and the normal temperature in the last 30 years in Lancaster County, 2021.
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Figure 3.26. Precipitation for the months when the study was conducted (June, July,
August and September). Comparisons are made for the temperature registered in 2021
and the average monthly precipitation in the last 30 years in Lancaster County, 2021.
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Fig. 3. 27. Resseliella maxima’s adult emergence over time. Lancaster County, 2021.
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Figure 3.28. Resseliella maxima total larvae population over time. Lancaster County,
2021.
300

larvae/ 3 plants

250

A

F = 5.02
P <0.0001
DF = 24, 48

A

200
150
100

ABCABC
ABC
ABC

ABC
ABC

ABC
ABCD
ABCD
ABCD
ABCD ABCD
ABCDE

50
0

AB

ABC
ABCD ABCD
ABCDE
ABCDE
ABCDE

CDE

E DE

14 17 20 23 26 29
June

1

5

8

11 14 17 20 23 27 30
July

2

5

8

11 14 17 20 23 26
August

R. maxima adults/cage/day

R. maxima adults/cage/day

0.16

153
DAVEY 2021

Figure 3.29. Developmental stages of soybean in Lancaster County, NE, 2021
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Figure 3.30. Frequency of infested plants in Lancaster County, NE 2021.
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